Description 


Mitsubishi microcomputers 


M16C/80 (100-pin version) group 
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


Description 


The M16C/80 (100-pin version) group of single-chip microcomputers are built using the high-performance 
silicon gate CMOS process using a M16C/60 Series CPU core and are packaged in a 100-pin plastic 
molded QFP. These single-chip microcomputers operate using sophisticated instructions featuring a high 
level of instruction efficiency. With 16M bytes of address space, they are capable of executing instructions 
at high speed. They also feature a built-in multiplier and DMAC, making them ideal for controlling office, 


communications, industrial equipment, and other high-speed processing applications. 


The M16C/80 (100-pin version) group includes a wide range of products with different internal memory 


types and sizes and various package ty 
Features 
* Memory Capacity ..........ceeeeeeeeeeenees 


* Shortest instruction execution time ..... 


pes. 


.ROM (See ROM expansion figure.) 
RAM 10/20 Kbytes 
.50ns (f(XIN)=20MHz) 


* Supply VOItAGE «0... ..eeeeeeeeteceteeeeeteeeeeeees 4.0 to 5.5V (f(XIN)=20MHz) Mask ROM and flash memory version 
2.7 to 5.5V (f(XIN)=10MHz) Mask ROM and flash memory version 


¢ Low power consumption ..............:00 
© MLS PUPS eeeisen erect sneevenreadeeeennaeet eres 


¢ Multifunction 16-bit timer... 
© Serial W/O wo. ccc ceeeeeeceeeeeeeeeeeees 


© A-D CONVENTED .... ee eeeeteeeeeennteeeeeeeaaes 
© D-A CONVENT... ee ceteeeeeeetteeeeeeenaes 
* CRC calculation Circuit... 
© X-Y COMVEMMED «2. ee eeeeeeeeeeeeeeeeeeeeeeeees 
* Watchdog timer ....... eee eeeeeeeeesteeeeeenee 
¢ Programmable W/O ..........:ccceeeeeeeeeeeee 
* INPUL POMice.ccicsees ieeetee aia de 
* Memory expansion .........ceeeeeeeeeeee 
* Chip select OUtPUt ...........::eeeeeeeeeeee 
* Clock generating Circuit ........0...ee 


Applications 


.45mA (M30800MC-XXXFP) 


.29 internal and 8 external interrupt sources, 5 software 
interrupt sources; 7 levels (including key input interrupt) 


.5 output timers + 6 input timers 
.5 channels for UART or clock synchronous 
.4 channels (trigger: 31 sources) 


.Used for EDO, FP, CAS before RAS refresh, self-refresh 
.10 bits X 8 channels (Expandable up to 10 channels) 


.8 bits X 2 channels 


.1 circuit 

.1 circuit 

.1 line 

.87 lines 

.1 line (P85 shared with NMI pin) 

. Available (16M bytes) 

.4 lines 

.2 built-in clock generation circuits 


Specifications written in this 
manual are believed to be ac- 
curate, but are not guaranteed 
to be entirely free of error. 
Specifications in this manual 
may be changed for functional 
or performance improvements. 
Please make sure your manual 
is the latest edition. 


(built-in feedback resistance, and external ceramic or quartz oscillator) 


Audio, cameras, office equipment, communications equipment, portable equipment, etc. 


Processor MOde .........::ccscceceeeeetteeeeeees 
Clock Generating Circuit .........0...: 
POO CON -cicciianediccessescaaeecrsandenvenvearxenensts 
IMt@PrUpt .......eceeeeeeeecceceeeeeeceeeeeeeeeeeeeenteee 
Watchdog Timer...........eeeceeceeeeesteeeeeenees 


wanehds 11 A-D Conve rte ........cccececeeeeees 
ee 16 D-A Converter ...........:0ccccceeees 
sedstuyh 24 CRC Calculation Circuit ........ 
tases 40 X-Y CONVENES ou... eeeeeeeeeeeeees 
sides 52 DRAM controller.............:.00 
ee 53 Programmable I/O Ports ....... 
senhiers 75 Usage Precaution ............0. 
scbeieie 77 Electric characteristics .......... 
saaieeis 88 Flash memory version........... 
suds 120 
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Mitsubishi microcomputers 


M16C/80 (100-pin version) group 
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


top view). 
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Figures 1.1.1 and 1.1.2 show the pin configurations 


Pin Configuration 


Description 
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PIN CONFIGURATION (top view) 


40| ~“- P56/ALE/RAS 


[34] —# P64/CTS1/RTS1/CTSo/CLKS1 


[33] “+ P6s/CLKi 
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P07/D7 ~t| 81 
P06/Dé ~t | 82] 
P0s/Ds —t+ | 83 


P107/AN7/Kls —@> | 89 
P106/ANée/Kl2 > | 90) 
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vy 10/0XANW/S6d 
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Package: 100P6S-A 


Note: This port is N-channel open drain output. 
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Figure 1.1.1. Pin configuration (top view) 


Mitsubishi microcomputers 


M16C/80 (100-pin version) group 
Description SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


PIN CONFIGURATION (top view) 
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P12/D10 <2» P42/A18(MA10) 
P11/D9 <> P43/A19(MA11) 
P10/Ds <-> P44/CS3/Az0(MA12) 
P07/D7 <-> [47] P45/CS2/Aa1 
P06/De <*> P46/CS1/A22 
P0s/Ds <> P47/CS0/Aza 


P04/D4 <t— P5o/WRL/WR/CASL 
P03/D3 ~<t- [83] P51/WRH/BHE/CASH 
P02/D2 <> P52/RD/W 
PO1/D1 <a [41] P53/BCLK/ALE/CLKout 
P00/Do <-> P54/HLDA/ALE 
P107/AN7/Kl3 <= P55/HOLD 
P106/ANe/Kl2 <> P56/ALE/RAS. 
P105/ANs/Ki <> M30800-XXXG P P57/RDY 
P104/AN4/Klo <3 P60/CTSo/RTSo 
P103/AN3 <> P61/CLKo 
P102/AN2 <> P62/RxDo 
P101/AN1 <> P63/TxDo 
AVss —> P64/CTS1/RTS1/CTSo/CLKS1 
P100/ANo —— P65/CLK1 
VREF — [30] P66/RxD1 
AVcc —> [97 |29] P67/TxD1 
P97/ADTRG/RxD4/SCL4/STxD4 —t [28] P70/TxD2/SDA2/T AQOUuT (Note) 
P96/ANEX1/TxD4/SDA4/SRxD4 ~* [g9] P71/RxD2/SCL2/TAOIN/TBSIN (Note) 
P95/ANEX0/CLK4 = P72/CLK2/TA1ouT/V 
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P77/TA3IN <= 
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Note: This port is N-channel open drain output. 


Package: 100P6Q-A 


Figure 1.1.2. Pin configuration (top view) 
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Mitsubishi microcomputers 


M16C/80 (100-pin version) group 
Description SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


Block Diagram 
Figure 1.1.3 is a block diagram of the M16C/80 (100-pin version) group. 


Block diagram of the M30800MC-XXXGP 


/O ports Port PO | [ Port P1 | [ PortP2 | [ PortP3 | [ PortP4] [ Port P5 | | Port P6 


(10 bits X 8 channels 
Expandable up to 10 channels) XIN - XOUT 
Timer TAO (16 bits XCIN - XCOUT 


Timer TA1 (16 bits UART /clock synchronous SI/O 


| Internal peripheral functions A-D converter System clock generator 


Timer TA2 (16 bits (8 bits X 5 channels) 


Timer TAS (16 bits 
Timer TA4 (16 bits X-Y converter 
Timer TBO (16 bits (16 bits X 16 bits) 

( 

( 

( 

( 

( 


Timer TB1 (16 bits 
Timer TB2 (16 bits CRC arithmetic circuit (CCITT) 
Timer TB3 (16 bits (Polynomial : X'6&-X24X5+41) 

Timer TB4 (16 bits 


Timer TB5 (16 bits M16C/80 series 16-bit CPU core 


more 7 troller 
Watchdog timer = 
(15 bits) DRAM 
controller 
D-A converter 
(8 bits X 2 channels) Multiplier 


Note 1: ROM size depends on MCU type. 
Note 2: RAM size depends on MCU type. 


S8d WOd 


6d WOd 
8 


Old WOd 
8 ! 


Figure 1.1.3. Block diagram of M30800MC-XXXFP 
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Mitsubishi microcomputers 


M16C/80 (100-pin version) group 
Description SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


Performance Outline 
Table 1.1.1 is a performance outline of M16C/80 (100-pin version) group. 


Table 1.1.1. Performance outline of M16C/80 (100-pin version) group 


Item Performance 


Number of basic instructions 106 instructions 

Shortest instruction execution time 50ns(f(XIN)=20MHz) 

Memory ROM See ROM expansion figure. 
capacity RAM 10/20 K bytes 

I/O port PO to P10 (except P85) 8 bits x 10, 7 bits x 1 

Input port P85 1 bit x 1 

Multifunction | TAO, TA1, TA2, TA3,TA4 16 bits x 5 

timer TBO, TB1, TB2, TB3, TB4, TB5 | 16 bits x 6 

Serial I/O UARTO, UART1, UART2, (UART or clock synchronous) x 5 
UART3, UART4 
A-D converter 10 bits x (8 + 2) channels 

D-A converter 8 bits x 2 

DMAC 4 channels 

DRAM controller CAS before RAS refresh, self-refresh, EDO, FP 

CRC calculation circuit CRC-CCITT 

X-Y converter 16 bits X 16 bits 

Watchdog timer 15 bits x 1 (with prescaler) 

Interrupt 29 internal and 8 external sources, 5 software sources, 7 
levels 

Clock generating circuit 2 built-in clock generation circuits 

(built-in feedback resistance, and external ceramic or 
quartz oscillator) 

Supply voltage 4.2 to 5.5V (f(XIN)=20MHz) Mask ROM and flash 
memory version 

2.7 to 5.5V (f(XIN)=10MHz) Mask ROM and flash 
memory version 

Power consumption 45mA (f(XIN) = 20MHz without software wait,Vcc=5V) 
Mask ROM 128 Kbytes version 

/O I/O withstand voltage SV 

characteristics | Output current omA 

Memory expansion Available (up to 16M bytes) 

Operating ambient temperature —40 to 85°C 

Device configuration CMOS high performance silicon gate 

Package 100-pin plastic mold QFP 
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Description 


Mitsubishi microcomputers 


M16C/80 (100-pin version) group 
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


Mitsubishi plans to release the following products in the M16C/80 (100-pin version) group: 
(1) Support for mask ROM version, external ROM version and flash memory version 


(2) ROM capacity 
(3) Package 
100P6S-A 
100P6Q-A 


: Plastic molded QFP (mask ROM version and flash memory version) 
: Plastic molded QFP (mask ROM version and flash memory version) 


Mask ROM version Flash memory External ROM version 
version 


Figure 1.1.4. ROM expansion 


The M16C/80 (100-pin version) group products currently supported are listed in Table 1.1.2. 


Table 1.1.2. M16C/80 (100-pin version) group 


M30800MC-XXXFP 


M30800MC-XXXGP 


ROM capacity 
128K bytes 


RAM capacity 
10K bytes 


Package type 
100P6S-A 


100P6Q-A 


M30803MG- XXXFP 


M30803MG-XXXGP 


256K bytes 


20K bytes 


100P6S-A 


100P6Q-A 


As of June, 2000 
Remarks 


Mask ROM version 


M30800FCFP 


M30800FCGP 


128K bytes 


10K bytes 


100P6S-A 


100P6Q-A 


M30803FGFP 


M30803FGGP 


** ‘Under development 


256K bytes 


20K bytes 


100P6S-A 


100P6Q-A 


Flash memory version 
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Description 


TypeNo. M30800 MC —- XXX 


Mitsubishi microcomputers 


M16C/80 (100-pin version) group 
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


FP 


Package type: 
FP :Package 100P6S-A 
GP :Package 100P6Q-A 


ROM No. 
Omitted for blank external ROM version 
and flash memory version 


ROM capacity: 
C : 128K bytes 
G : 256K bytes 


Memory type: 
M : Mask ROM version 
S : External ROM version 
F : Flash memory version 


Shows RAM capacity, pin count, etc 


(The value itself has no specific meaning) 


M16C/80 Group 


M16C Family 


Figure 1.1.5. Type No., memory size, and package 
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Mitsubishi microcomputers 


M16C/80 (100-pin version) group 


Pin Description SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


Pin Description 


Pin name 


Signal name 


Power supply 
input 


I/O type 


Function 


Supply 4.2 to 5.5 V to the Vcc pin. Supply 0 V to the Vss pin. 


CNVss 


Input 


This pin switches between processor modes. Connect it to the Vss 
when operating in single-chip or memory expansion mode after reset. 
Connect it to the Vcc when in microprocessor mode after reset. 


Reset input 


Input 


A “L” on this input resets the microcomputer. 


Clock input 
Clock output 


Input 
Output 


These pins are provided for the main clock generating circuit. Connect 
a ceramic resonator or crystal between the XIN and the XOUT pins. To 
use an externally derived clock, input it to the XIN pin and leave the 
XOUT pin open. 


External data 
bus width 
select input 


Input 


This pin selects the width of an external data bus. A 16-bit width is 
selected when this input is “L”; an 8-bit width is selected when this 
input is “H”. This input must be fixed to either “H” or “L”. When 
not using the external bus,connect this pin to Vss. 


AVcc 


Analog power 
supply input 


This pin is a power supply input for the A-D converter. Connect this 
pin to VCc. 


AVss 


Analog power 
supply input 


This pin is a power supply input for the A-D converter. Connect this 
pin to Vss. 


VREF 


Reference 
voltage input 


Input 


This pin is a reference voltage input for the A-D converter. 


POo to P07 


Do to D7 


I/O port PO 


Input/output 


Input/output 


This is an 8-bit CMOS I/O port. It has an input/output port direction 
register that allows the user to set each pin for input or output 
individually. When set for input in single chip mode, the user can 
specify in units of four bits via software whether or not they are tied toa 
pull-up resistance. In memory expansion and microprocessor mode, 
an built-in pull-up resistance cannot be used. However, it is possible to 
select pull-up resistance presence to the usable port as I/O port by 
setting. 


When set as a separate bus, these pins input and output data (Do—D7). 


P10 to P17 


Ds to D1i5 


1/O port P1 


Input/output 


Input/output 


This is an 8-bit I/O port equivalent to PO. P15 to P17 also function as 
external interrupt pins as selected by software. 


When set as a Separate bus, these pins input and output data (Ds—D15). 


P20 to P27 


Ao/Do to 
A7/D7 


I/O port P2 


Input/output 


Input/output 


This is an 8-bit I/O port equivalent to PO. 


If a multiplexed bus is set, these pins input and output data (Do—D7) and 
output 8 low-order address bits (Ao—A7) separated in time by 
multiplexing. 


P30 to P37 


As/D8 to 
Ai5/D15 


MAO to MA7 


/O port P3 


Input/output 


This is an 8-bit I/O port equivalent to PO. 


If the external bus is set as a 16-bit wide multiplexed bus, these pins 
input and output data (Ds—D15) and output 8 middle-order address bits 
(As—A15) separated in time by multiplexing. 


If accessing to DRAM area, these pins output row address and column 
address separated in time by multiplexing. 
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Pin Description SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


Pin Description 


Pin name 


P40 to P47 


MA8 to MA12 


Signal name 


I/O port P4 


I/O type 
Input/output 


Output 


Function 
This is an 8-bit I/O port equivalent to PO. 


These pins output 8 high-order address bits (A1s—Aze, A23). Highest 
address bit (A23) outputs inversely. 


These pins output CSo-CS3 signals. CSo—CS3 are chip select signals 
used to specify an access space. 


If accessing to DRAM area, these pins output data separated in time by 
multiplexing. 


P50 to P57 


WR, 
BHE, 


I/O port P5 


Input/output 


Output 
Output 
Output 
Output 
Output 
Input 


Output 
Input 


This is an 8-bit I/O port equivalent to PO. P5s in this port outputs a 
divide-by-8 or divide-by-32 clock of XIN or a clock of the same 
frequency as XCIN as selected by software. 


Output WRL, WRH (WR and BHE), RD, BCLK, HLDA, and ALE 
signals. WRL and WRH, and BHE and WR can be switched using 
software control. 

Hi WRL, WRH, and RD selected 

With a 16-bit external data bus, data is written to even addresses 
when the WRL signal is “L” and to the odd addresses when the WRH 
signal is “L”. Data is read when RD is “L”. 

W@ WR, BHE, and RD selected se 

Data is written when WR is “L”. Data is read when RD is “L”. Odd 
addresses are accessed when BHE is “L”. Use this mode when using 
an 8-bit external data bus. 

While the input level at the HOLD pin is “L”, the microcomputer is 
placed in the hold state. While in the hold state, HLDA outputs a “L” 
level. ALE is used to latch the address. While the input level of the 
RDY pin is “L”, the microcomputer is in the ready state. 


When accessing to DRAM area while DW signal is “L”, write to DRAM. 
CASL and CASH show timing when latching to line address. When 
CASL accesses to even address, and CASH to odd, these two pins 
become “L”. RAS signal shows timing when latching to row address. 


P60 to P67 


I/O port P6 


Input/output 


This is an 8-bit I/O port equivalent to PO. When set for input in single 
chip mode, the user can specify in units of four bits via software 
whether or not they are tied to a pull-up resistance. In memory 
expansion and microprocessor mode, an built-in pull-up resistance 
cannot be used. Pins in this port also function as UARTO and UART1 I/ 
O pins as selected by software. 


P70 to P77 


I/O port P7 


Input/output 


This is an 8-bit I/O port equivalent to P6 (P70 and P71 are N-channel 
open drain output). Pins in this port also function as timer Ao-A3, 
timer B5 or UART2 I/O pins as selected by software. 


P80 to P84, 
P86, 


P87, 
P85 


I/O port P8 


/O port P85 


Input/output 
Input/output 


Input/output 
Input 


P80 to P84, P86, and P87 are I/O ports with the same functions as P6. 
Using software, they can be made to function as the I/O pins for timer 
Aé4 and the input pins for external interrupts. P86 and P87 can be set 
using software to function as the I/O pins for a sub clock generation 
circuit. In this case, connect a quartz oscillator between P86 (XCOUT 
pin) and P87 (XCIN pin). P85 is an input-only port that also functions 
for NMI. The NMI interrupt is generated when the input at this pin 
changes from “H” to “L”. The NMI function cannot be canceled using 
software. The pull-up cannot be set for this pin. 


P90 to P97 


I/O port P9 


Input/output 


This is an 8-bit I/O port equivalent to P6. Pins in this port also function 
as UART3 and UART4 I/O pins, Timer BO—B4 input pins, D-A converter 
output pins, A-D converter extended input pins, or A-D trigger input pins 
as selected by software. 


P100 to P107 


I/O port P10 


Input/output 


This is an 8-bit I/O port equivalent to P6. Pins in this port also function 
as A-D converter input pins. Furthermore, P104—P107 also function as 
input pins for the key input interrupt function. 
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M16C/80 (100-pin version) group 
Memory SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


Operation of Functional Blocks 
The M16C/80 group accommodates certain units in a single chip. These units include ROM and RAM to 
store instructions and data and the central processing unit (CPU) to execute arithmetic/logic operations. 
Also included are peripheral units such as timers, serial I/O, D-A converter, DMAC, CRC calculation circuit, 
A-D converter, DRAM controller and I/O ports. 
The following explains each unit. 


Memory 

Figure 1.2.1 is a memory map of the M16C/80 group. The address space extends the 16 Mbytes from 
address 00000016 to FFFFFF16. From FFFFFF16 down is ROM. For example, in the M30800MC-XXXFP, 
there is 128K bytes of internal ROM from FE000016 to FFFFFF 16. The vector table for fixed interrupts such 
as the reset and NMI are mapped to FFFFDC16 to FFFFFF16. The starting address of the interrupt routine 
is stored here. The address of the vector table for timer interrupts, etc., can be set as desired using the 
internal register (INTB). See the section on interrupts for details. 
From 00040016 up is RAM. For example, in the M30800MC-XXXFP, 10 Kbytes of internal RAM is mapped 
to the space from 00040016 to 0O02BFF 16. In addition to storing data, the RAM also stores the stack used 
when calling subroutines and when interrupts are generated. 
The SFR area is mapped to 00000016 to O003FFi6. This area accommodates the control registers for 
peripheral devices such as I/O ports, A-D converter, serial I/O, and timers, etc. Figure 1.5.1 to 1.5.4 are 
location of peripheral unit control registers. Any part of the SFR area that is not occupied is reserved and 
cannot be used for other purposes. 
The special page vector table is mapped to FFFE0016 to FFFFDB1é. If the starting addresses of subrou- 
tines or the destination addresses of jumps are stored here, subroutine call instructions and jump instruc- 
tions can be used as 2-byte instructions, reducing the number of program steps. 
In memory expansion mode and microprocessor mode, a part of the spaces are reserved and cannot be 
used. For example, in the M30800MC-XXXFP, the following spaces cannot be used. 

* The space between 002C0016 and 00800016 (Memory expansion and microprocessor modes) 

* The space between F0000016 and FDFFFF16 (Memory expansion mode) 


00000016 SFR area 


For details, see 
Figures 1.5.1 to 
1.5.4 


FFFE0016 
00040016 
Internal RAM 
area : 
Special page 


XXXXXX16 vector table 


Internal reserved 
area (Note 1) 


00800016 


FFFFDC16E Undefined instruction 


Overflow 
BRK instruction 


External area 


FO000016 Internal reserved —___ Address match E| 
area (Note 2) 


YYYYYY16 Watchdog timer 
Type No Address Address | 
‘ XXXXX16_| YYYYY16 Internal ROM Eq 
M MC/FC| 002BFF FE000016 area 
30800MC/FC 16 eeditis ne Reset 


M30803MG/FG| O053FFie | FCOOOOi6 


Note 1: During memory expansion and microprocessor modes, can not be used. 
Note 2: In memory expansion mode, can not be used. 


Figure 1.2.1. Memory map 
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CPU 


Central Processing Unit (CPU) 
The CPU has a total of 28 registers shown in Figure 1.3.1. Seven of these registers (RO, R1, R2, R3, AO, 


Mitsubishi microcomputers 


M16C/80 (100-pin version) group 
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


A1, SB and FB) come in two sets; therefore, these have two register banks. 


General register 


DMAC related register 


| 
Pav [an | 


Note: These registers have two register banks. 


Figure 1.3.1. Central processing unit register 
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Flag register 


Data register (Note) 


Address register (Note) 


Static base register (Note) 


Frame base register (Note) 


User stack pointer 
Interrupt stack pointer 
Interrupt table register 


Program counter 


Flag save register 
PC save register 


Vector register 


DMA mode register 


DMA transfer count register 


DMA transfer count reload register 


DMA memory address register 


DMA SFR address register 


DMA memory address reload register 
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(1) Data registers (RO, ROH, ROL, R1, R1H, R1L, R2, R3, R2RO and R3R1) 
Data registers (RO, R1, R2, and R3) are configured with 16 bits, and are used primarily for transfer and 
arithmetic/logic operations. 
Registers RO and R1 each can be used as separate 8-bit data registers, high-order bits as (ROH/R1H), 
and low-order bits as (ROL/R1L). Registers R2 and RO, as well as R3 and R1 can use as 32-bit data 
registers (R2RO/R3R1). 


(2) Address registers (AO and A1) 
Address registers (AO and A1) are configured with 24 bits, and have functions equivalent to those of data 
registers. These registers can also be used for address register indirect addressing and address register 
relative addressing. 


(3) Static base register (SB) 
Static base register (SB) is configured with 24 bits, and is used for SB relative addressing. 


(4) Frame base register (FB) 
Frame base register (FB) is configured with 24 bits, and is used for FB relative addressing. 


(5) Program counter (PC) 
Program counter (PC) is configured with 24 bits, indicating the address of an instruction to be executed. 


(6) Interrupt table register (INTB) 
Interrupt table register (INTB) is configured with 24 bits, indicating the start address of an interrupt vector 
table. 


(7) User stack pointer (USP), interrupt stack pointer (ISP) 
Stack pointer comes in two types: user stack pointer (USP) and interrupt stack pointer (ISP), each config- 
ured with 24 bits. 
Your desired type of stack pointer (USP or ISP) can be selected by a stack pointer select flag (U flag). 
This flag is located at the position of bit 7 in the flag register (FLG). 
Set USP and ISP to an even number so that execution efficiency is increased. 


(8) Save flag register (SVF) 
This register consists of 16 bits and is used to save the flag register when a high-speed interrupt is 
generated. 
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(9) Save PC register (SVP) 
This register consists of 24 bits and is used to save the program counter when a high-speed interrupt is 
generated. 


(10) Vector register (VCT) 
This register consists of 24 bits and is used to indicate the jump address when a high-speed interrupt is 
generated. 


(11) DMA mode registers (DMD0/DMD1) 


These registers consist of 8 bits and are used to set the transfer mode, etc. for DMA. 


(12) DMA transfer count registers (DCT0O/DCT1) 
These registers consist of 16 bits and are used to set the number of DMA transfers performed. 


(13) DMA transfer count reload registers (DRCO/DRC1) 


These registers consist of 16 bits and are used to reload the DMA transfer count registers. 


(14) DMA memory address registers (DMA0/DMA1) 
These registers consist of 24 bits and are used to set a memory address at the source or destination of 
DMA transfer. 


(15) DMA SFR address registers (DSA0/DSA1) 


These registers consist of 24 bits and are used to set a fixed address at the source or destination of DMA 
transfer. 


(16) DMA memory address reload registers (DRA0/DRA1) 
These registers consist of 24 bits and are used to reload the DMA memory address registers. 
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(17) Flag register (FLG) 
Flag register (FLG) is configured with 11 bits, each bit is used as a flag. Figure 1.3.2 shows the flag 
register (FLG). The following explains the function of each flag: 


Bit 0: Carry flag (C flag) 
This flag retains a carry, borrow, or shift-out bit that has occurred in the arithmetic/logic unit. 


Bit 1: Debug flag (D flag) 

This flag enables a single-step interrupt. 

When this flag is “1”, a single-step interrupt is generated after instruction execution. This flag is 
cleared to “O” when the interrupt is acknowledged. 


Bit 2: Zero flag (Z flag) 
This flag is set to “1” when an arithmetic operation resulted in 0; otherwise, cleared to “O”. 


Bit 3: Sign flag (S flag) 
This flag is set to “1” when an arithmetic operation resulted in a negative value; otherwise, cleared 
to “O”. 


Bit 4: Register bank select flag (B flag) 
This flag chooses a register bank. Register bank 0 is selected when this flag is “O” ; register bank 
1 is selected when this flag is “1”. 


Bit 5: Overflow flag (O flag) 
This flag is set to “1” when an arithmetic operation resulted in overflow; otherwise, cleared to “O”. 


Bit 6: Interrupt enable flag (I flag) 

This flag enables a maskable interrupt. 

An interrupt is disabled when this flag is “O”, and is enabled when this flag is “1”. This flag is 
cleared to “0” when the interrupt is acknowledged. 


Bit 7: Stack pointer select flag (U flag) 

Interrupt stack pointer (ISP) is selected when this flag is “O” ; user stack pointer (USP) is selected 
when this flag is “1”. 

This flag is cleared to “O” when a hardware interrupt is acknowledged or an INT instruction of 
software interrupt Nos. 0 to 31 is executed. 


Bits 8 to 11: Reserved area 
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¢ Bits 12 to 14: Processor interrupt priority level (IPL) 


Processor interrupt priority level (IPL) is configured with three bits, for specification of up to eight 


processor interrupt priority levels from level 0 to level 7. 


If a requested interrupt has priority greater than the processor interrupt priority level (IPL), the interrupt 


is enabled. 


- Bit 15: Reserved area 


b15 


ee hg ee OTR S| 2 Die 


Figure 1.3.2. Flag register (FLG) 


bO 


Flag register (FLG) 


Carry flag 

Debug flag 

Zero flag 

Sign flag 

Register bank select flag 
Overflow flag 

Interrupt enable flag 

Stack pointer select flag 
Reserved area 

Processor interrupt priority level 


Reserved area 
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Reset 
There are two kinds of resets; hardware and software. In both cases, operation is the same after the reset. 
(See “Software Reset” for details of software resets.) This section explains on hardware resets. 
When the supply voltage is in the range where operation is guaranteed, a reset is effected by holding the 
reset pin level “L” (0.2Vcc max.) for at least 20 cycles. When the reset pin level is then returned to the “H” 
level while main clock is stable, the reset status is cancelled and program execution resumes from the 
address in the reset vector table. 
Figure 1.4.1 shows the example reset circuit. Figure 1.4.2 shows the reset sequence. 


Vcc 


Ap ov 


Example when f(XIN) = 10MHz and Vcc = 5V. 


Figure 1.4.1. Example reset circuit 


xox ULL ULL UL 
~~ More than 20 cycles are needed 


Microprocessor 
mode BYTE = “H” 


BCLK 24cycles 
_)HAN 


Content of ia vector 


Address FFFFCis \ FFFFDie FFFFE16 \ 


-— 


Microprocessor 
mode BYTE = “L” Content of reset vector 


Address FFFFCie FFFFE16 \ 


CSO | 


Single chip FFFFCi6 Content of reset vector 
mode 


Address \ FFFFEts  } 


Figure 1.4.2. Reset sequence 
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Table 1.4.1 shows the statuses of the other pins while the RESET pin level is “L”. Figures 1.4.3 and 1.4.4 
show the internal status of the microcomputer immediately after the reset is cancelled. 


Table 1.4.1. Pin status when RESET pin level is “L” 


Pin name 


PO 


CNVss = VSS 


Input port (floating) 


CNVss = Vcc 


Data input (floating) 


Data input (floating) 


Pt 


Input port (floating) 


Data input (floating) 


Input port (floating) 


P2, P3, P4 


Input port (floating) 


Address output (undefined) 


Address output (undefined) 


P50 


Input port (floating) 


WR output (“H” level is output) 


WR output (“H” level is output) 


P51 


Input port (floating) 


BHE output (undefined) 


BHE output (undefined) 


P52 


Input port (floating) 


RD output (“H” level is output) 


RD output (“H” level is output) 


P53 


Input port (floating) 


BCLK output 


BCLK output 


P54 


Input port (floating) 


HLDA output (The output value 
depends on the input to the 
HOLD pin) 


HLDA output (The output value 
depends on the input to the 
HOLD pin) 


P55 


Input port (floating) 


HOLD input (floating) 


HOLD input (floating) 


P56 


Input port (floating) 


RAS output 


RAS output 


P57 


Input port (floating) 


RDY input (floating) 


RDY input (floating) 


P6, P7, P80 to P84, 
P86, P87, P9, P10 


Input port (floating) 


Input port (floating) 
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Processor mode register 0 (Note) (000416)--- Timer B3 interrupt control register (007816):-- 


Processor mode register 1 (000516)-:- INT5 interrupt control register (007A16)-» PX 


System clock control register 0 (000616)--- INT3 interrupt control register (007C16)--- 


System clock control register 1 (000716)--- INT1 interrupt control register (007E16):-- |S 


Wait control register (000816)--- DMA‘ interrupt control register (008816)---[x]> 


UART2 transmit/NACK interrupt 
control register 


Address match interrupt 


enable register (000916)---) 


(008916):--|> 


Protect register (OO0A16)---}<PxPxP xp DMAS interrupt control register (008A\6):-- 


External data bus width control TIX TF, UARTS transmit/NACK interrupt - 
register (000B16)---|< xX 7) control register (008B16)--- 


Main clock divided register (000C16)---)<Px]X Timer A1 interrupt control register (008C16)---) xP 


UART4 receive/NACK interrupt 
control register 


(10) Watchdog timer control (OOO0F 16)--- 
register ; ; ; 
(11) Address match interrupt registerO  (001016)--- Timer A3 interrupt control register (008E16)---|<}x| 
Bus collision detection(UART2) ATK 

1 interrupt control register (008F16)---> 


(008D16)---]" 


(001116)--- 


(001216):--- UARTO transmit interrupt control register (009016)---[S 


Bus collision detection(UART4) 
(12) Address match interrupt register 1 (001416):-- interrupt control register (009116)--- 


(001516)--- UART1 transmit interrupt control register (009216)---|) 


(001616)--- Key input interrupt control register (009316)---[X)<1 


(13) Address match interrupt register 2 (001816)--- Timer BO interrupt control register (009416)---) 


(001916): Timer B2 interrupt control register (009616):-- 


(001 A16)--- Timer B4 interrupt control register (009816)---[X 


(14) Address match interrupt register 3 (001C1e)--- INT4 interrupt control register (009Ai6)---)> 


(001D16)--- INT2 interrupt control register (009C1e)--- 


(001E16)--- (51) INTO interrupt control register (009E16):--|> 


(15)DMAM control register (004016): ?P<<>XI 2] 2] 2] 2) (92) Exit priority register (009F16)---)<P<p 


(16)DMAO interrupt control register (006816)--)<PxTX)X] 7 (53) XY control register (02E016)---| 


(17) Timer B2 interrupt control register (006916)--- XIX? (54) UART4 special mode register 3 (02F516)--- 


(18) DMA2 interrupt control register (006A16)---)XPxXPX[X] 2 (55) UART4 special mode register 2 (02F616):-- 


(19) nelle receive/ACK interrupt control (gggpi6)...]XP<PxPx] 7 (56) UART4 special mode register (02F716)--- 
register 


(20) Timer AO interrupt control register (006C16)---XPXP<]X] 2 (57) UART4 transmit/receive mode register (02F816)--- 


ene receive/ACK interrupt control (qggn ig)... XPXPX[X] 7 (58) UART4 transmit/receive control register 0 (02FC16)--- 
register . 


(22) Timer A2 interrupt control register (006E16)--- XP] x} x] 2 (59) UART4 transmit/receive control register 1 (g2FD16)--- 


UART4 receive/ACK interrupt control OANA 
(28) register (O06F16)---) 


Timer A4 interrupt control register (007016)---<]x}x}x] 2 (61) Three-phase PWM control register 0 (030816):--- 


(60) Timer B3,4,5 count start flag (030016): 


Bus collision detection(UART3) (007116)---[XP<px (62) Three-phase PWM control register 1 (030916)--- 
interrupt control register a - 


esi receive interrupt control (007216)---[< Z , (63) Three-phase output buffer register 0 (030A16):-- 
register INS 


A-D conversion interrupt 
control register 

UARTI receive interrupt control (007416)---P<papxpd ? (65) Timer B3 mode register (031B16)--- 
register 
Timer B1 interrupt control register. (997616)--- Cpapepa] 2 (66) Timer B4 mode register (031C16)--- 


(007316)---P<pepe (64) Three-phase output buffer register 1 (030Bi6)--- 


(67) Timer BS mode register (031D16)--- 


x : Nothing is mapped to this bit 
2? : Undefined 


The content of other registers and RAM is undefined when the microcomputer is reset. The initial values 
must therefore be set. 


Note: When the VCC level is applied to the CNVSs pin, it is 0316 at a reset. 


Figure 1.4.3. Device's internal status after a reset is cleared 
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Interrupt cause select register (031F16)---|<]> (109) A-D control register 1 (039716)--- 


UARTS special mode register 3 (032516)::- (110) D-A control register (039C16)--- 


UARTS special mode register 2 (032616)--- (111) Function select register C (O3AF16)--- 


UARTS special mode register (032716)--- (112) Function select register AO (03B016):-- 


UARTS transmit/receive mode register (032816)--- (113) Function select register A1 (03B116)---/> 


UARTS transmit/receive control register 0 (032C16)--- (114) Function select register BO (03B216)---|> 


UARTS transmit/receive control register 1 (032D16)--- (115) Function select register B1 (03B316)--- 


UART2 special mode register 3 (033516):-- \ 4p <| (116) Function select register A2 (03B416)--- 


UART2 special mode register 2 (033616)--- (117) Function select register A3 (03B516)--- 


UART2 special mode register (033716)--- (118) Function select register B2 (03B616):--- 


UART2 transmit/receive mode register (033816)--- (119) Function select register B3 (03B716):---| ? 


UART2 transmit/receive control register 0 (033C16)--- » (120) Port P6 direction register (03C216):-- 


UART2 transmit/receive control register 1 (033D16)--- (121) Port P7 direction register (03C316)-- 


Count start flag (034016)--- (122) Port P8 direction register (03C616)--- 


Clock prescaler reset flag (0341 16)--- xbx>x>x<hx (123) Port P9 direction register (03C716):-- 


One-shot start flag (034216)--- (124) Port P10 direction register (03CAi6)--- 


Trigger select flag (034316)--- (125) Pull-up control register 2 (03DA\6)-- 


Up-down flag (034416)--- (126) Pull-up control register 3 (O3DB16)--- 


Timer AO mode register (035616)--- ? (127) Port PO direction register (03E216)--- 


Timer A1 mode register (035716)--- i (128) Port P1 direction regis: (03E316)--- 


Timer A2 mode register (035816)--- ? (129) Port P2 direction regis’ (03E616)--- 


Timer A3 mode register (035916)--- ? (130) Port P3 direction regis! (03E716):-- 


Timer A4 mode register (035A\16)--- ? (131) Port P4 direction register (O3EAi6):--- 


Timer BO mode register (035B16)--- 2|? (132) Port P5 direction register (O3EB16)--- 


Timer B1 mode register (035C16)--- 21x] (133) Pull-up control register 0 (03F016)--- 


Timer B2 mode register (035D16)--- 2 (132) Pull-up control register 1 (O3F 116): 


UARTO transmit/receive mode register (036016)--- (135) Port control register (03FF16)---[> 


UARTO transmit/receive control register 0 (036416)--- (136) Data registers (RO/R1/R2/R3) 000016 


UARTO transmit/receive control register 1. (036516)--- (137) Address registers (A0/A1) 00000016 


UART1 transmit/receive mode register (036816)--- (138) Static base register (SB) 00000016 


UART1 transmit/receive control register 0 (036C16)--- (139) Frame base register (FB) 00000016 


UART1 transmit/receive control register 1 (036D16)--- (140) Interrupt table register (INTB) 00000016 


(100) UART transmit/receive control register 2. (037016)--- |< (141) User stack pointer (USP) 00000016 


(101) Flash memory control register 1 (Note) (037616)---| 2} 2] 2] 2] ? ?| 2] (142) Interrupt stack pointer (ISP) 00000016 


(102) Flash memory control register 0 (Note) (037716)---[.XP (143) Flag register (FLG) 000016 


(103) DMAO cause select register (037816)---| 0) (144) DMA mode register (DMD0/DMD1) 0016 


(104) DMA1 cause select register (037916)---} 0) (145) DMA transfer count register (DCTO/DCT1) 22 


(146) DMA transfer count reload register 9 
(DRCO/DRC1) — 


(106) DMA cause select register (037B16):--| 0/5 (147) DMA memory address register (DMA0/DMA1) 2? 


(105) DMA2 cause select register (037At16):-- 


(107) A-D control register 2 (039416)--- x (148) DMA SFR address register (DSA0/DSA1) 2? 


DMA memory address reload register 
(108) A-D control register 0 (039616): 22/2] (149) (DRAO/DRAM) 9 2 


x : Nothing is mapped to this bit 
? : Undefined 


The content of other registers and RAM is undefined when the microcomputer is reset. The initial values 
must therefore be set. 


Note :This register exists in the flash memory version. 


Figure 1.4.4. Device's internal status after a reset is cleared 


MITSUBISHI 19 
ELECTRIC 


Mitsubishi microcomputers 


M16C/80 (100-pin version) group 
SFR SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


000016 006016 
000116 006116 
000216 006216 
000316 006316 
000416 | Processor mode register 0 (PMO) 006416 
000516 | Processor mode register 1(PM1) 006516 
000616 | System clock control register 0 (CMO) 006616 
000716 | System clock control register 1 (CM1) 006716 
000816 | Wait control register (WCR) 006816 | DMAO interrupt control register (DMOIC) 

000916 | Address match interrupt enable register (AIER) 006916 | Timer B5 interrupt control register (TB5IC) 

000A16 | Protect register (PRCR) 006A16 | DMA2 interrupt control register (DM1IC) 

000816 | External data bus widthcontrol register (DS) 006816 | UART2 receive/ACK interrupt control register (S2RIC) 
000C16 | Main clock division register (MCD) 006C16 | Timer AO interrupt control register (TAOIC) 

000Di6 006D16 | UART3 receive/ACK interrupt control register (S3RIC) 
000Et6s | Watchdog timer start register (WDTS) 006Et6 | Timer A2 interrupt control register (TA2IC) 

000F16 | Watchdog timer control register (WDC) 006F16 | UART4 receive/ACK interrupt control register (S4RIC) 
001016 007016 | Timer A4 interrupt control register (TA4IC) 

001116 | Address match interrupt register 0 (RMADO) 007116 | Bus collision detection(UARTS) interrupt control register (BCN3IC) 
001216 007216 | UARTO receive interrupt control register (SORIC) 

001316 007316 | A-D conversion interrupt control register (ADIC) 

001416 007416 | UART1 receive interrupt control register (S1RIC) 

001516 | Address match interrupt register 1 (RMAD1) 007516 
001616 007616 | Timer B1 interrupt control register (TB1IC) 
001716 007716 
001816 007816 | Timer B3 interrupt control register (TB3IC) 
001916 | Address match interrupt register 2 (RMAD2) 007916 
001A16 007A16 | INT5 interrupt control register (INT5IC) 
001Bi6 007Bi6 
001C16 007C16| INT3 interrupt control register (INT3IC) 
001Die | Address match interrupt register 3 (RMAD3) 007Di6 
001E16 007E16 | INT1 interrupt control register (INT1IC) 
001F 16 007F16 
002016 008016 
002116} Emulator interrupt vector table register (EIAD) * 008116 
002216 008216 
002316 | Emulator interrupt detect register (EITD) * 008316 
002416} Emulator protect register (EPRR) * 008416 
002516 008516 
002616 008616 
002716 008716 


002816 008816 | DMA interrupt control register (DM1IC) 

002916 008916 | UART2 transmit/NACK interrupt control register (S2TIC) 
002A16 008A16 | DMA3 interrupt control register (DM3IC) 
002B16 008816 | UART3 transmit/NACK interrupt control register (S3TIC) 
002Ci16 008C16| Timer A1 interrupt control register (TA1IC) 

002Di6 008D16/ UART4 transmit/NACK interrupt control register (S4TIC) 
002E16 008E16 | Timer A interrupt control register (TA3IC) 

002F16 008F16 | Bus collision detection(UART2) interrupt control register (BCN2IC) 
003016} ROM areaset register (ROA) * 009016 | YARTO transmit interrupt control register (SOTIC) 

003116| Debug monitor area set register (DBA) * 009116 | Bus collision detection(UART4) interrupt control register (BCN4IC) 
003216 | Expansion area set register 0 (EXAO) * 009216 | UART1 transmit interrupt control register (S1TIC) 

003316 | Expansion area set register 1 (EXA1) * 009316 | Key input interrupt control register (KUPIC) 

003416 | Expansion area set register 2 (EXA2) * 009416 | Timer BO interrupt control register (TBOIC) 

003516 | Expansion area set register 3 (EXA3) * 009516 

003616 009616 | Timer B2 interrupt control register (TB2IC) 
003716 009716 


003816 009816 | Timer B4 interrupt control register (TB4IC) 
003916 009916 


003A16 00916 | INT4 interrupt control register (INT4IC) 
003Bi6 O09Bi6 


003C16 009C16| |NT2 interrupt control register (INT2IC) 
003D16 009D16 
003E16 009E16 | |NTO interrupt control register (INTOIC) 
003F16 00916 | Exit priority register (RLVL) 

004016 | DRAM control register (DRAMCONT) O0A016 


904116 DRAM reflesh interval set register (REFCNT) O0A116 
004216 OOA216 


004316 O0A316 
004416 00A416 


* As this register is used exclusively for debugger purposes, user cannot use this. Do not access to the register. 
(The blank area is reserved and cannot be used by user.) 


Figure 1.5.1. Location of peripheral unit control registers (1) 
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venieis i 030016 | Timer B3, 4, 5 count start flag (TBSR) 
o2Ctie XO register (XOR) YO register (YOR) ee ie] 

02C216 P . 030216 
o2caie | X1 register (X1R) Y1 register (Y1R) 030316 | Timer A1-1 register (TA11) 


02C416 . a 030416 
o2csi6 X2 register (X2R) Y2 register (Y2R) 030516 


02C6 . : 0306 
eee X3 register (X3R) Y3 register (Y3R) aus Timer A4-1 register (TA41) 

02C816 : ; 030816 | Three-phase PWM control register 0(INVCO) 
02C916 X4 register (X4R) Y4 register (Y4R) 030916 | Three-phase PWM control register 1(INVC1) 
02CAt6 ; : 030A16 | Thrree-phase output buffer register 0(IDBO) 
seenie | 7m UIster MOR) Yo register (VSR) 030B16 | Thrree-phase output buffer register 1(IDB1) 
02CCi6 F : 030C16 | Dead time timer(DTT) 

02CDi16 X6 register (X6R) Y6 register (Y6R) 030D16 | Timer B2 interrupt occurrence frequency set counter(ICTB2) 
02CE16 E zs O30E16 
02CFt6 X7 register (X7R) Y7 register (Y7R) 030F16 


DO16 . F 031016 
Diig | X8 register (X8R) Y8 register (Y8R) 031116 


D216 F z 031216 : i 
naie | X9 register (XOR) Y9 register (YOR) 031316 | Limer B4 register (TB4) 


D416 : ; 031416 
D516 X10 register (X10R) Y10 register (Y10R) 031516 


D616 : 031616 
n716 X11 register (X11R) Y11 register (Y11R) 031716 


D816 : ¥ 031816 
D916 X12 register (X12R) Y12 register (Y12R) 031916 
DAi6 , ; 031A16 
DBis X13 register (X13R) Y13 register (Y13R) 031616 | Timer B3 mode register (TB3MR) 
DCi16 ; d 031C16 | Timer B4 mode register (TB4MR 
DDi6 X14 register (X14R) Y14 register (Y14R) 03116 | Timer BS mode ET TEENIE, 
DE16 A i 031E16 
pFie | X15 register (X15R) Y15 register (Y15R) 031Fi6 | Interrupt cause select register (IFSR) 
02E016 | XY control register (XYC) 032016 
02E116 032116 
02E216 032216 
02E316 032316 
02E416 032416 
02E5i6 032516 | UARTS special mode register 3 (U3SMR3) 
02E616 032616 | UART3 special mode register 2 (U3SMR2) 
02E716 032716 | UART3 special mode register (U3SMR) 
02E816 032816 | UART3 transmit/receive mode register (U3MR) 
02E916 032916 | UARTS bit rate generator (U3BRG) 

col 082A‘ | UARTS transmit buffer register (U3TB) 

O2EBi6 032B16 
O2EC16 032Cie | UARTS transmit/receive control register 0 (U3CO0) 
O2ED16 032Die | UARTS3 transmit/receive control register 1 (U3C1) 
pone enais UARTS receive buffer register (U3RB) 

O2EF16 032F16 
O02F016 033016 
02F 116 033116 
02F216 033216 
02F316 033316 
02F416 033416 
o2F516 | UART4 special mode register 3 (U4SMR3) 033516 | UART2 special mode register 3 (U2SMR3) 
02F616 | UART4 special mode register 2 (U4SMR2) 033616 | UART2 special mode register 2 (U2SMR2) 
02F716 | UART4 special mode register (U4SMR) 033716 | UART2 special mode register (U2SMR) 
02F816 | UART4 transmit/receive mode register (U4MR) 033816 | UART2 transmit/receive mode register (U2MR) 


02F916 | UART4 bit rate generator (U4BRG) 033916 | UART2 bit rate generator (U2BRG) 
O2FA16 . ; 033A16 : : 
O2FBi6 UART4 transmit buffer register (U4TB) 083816 UART2 transmit buffer register (U2TB) 


02FCi6 | UART4 transmit/receive control register 0 (U4C0) 033C16 | UART2 transmit/receive control register 0 (U2CO) 
02FDie | UART4 transmit/receive control register 1 (U4C1) 033D16 | UART2 transmit/receive control register 1 (U2C1) 


02FE16 . : 033E16 ; : 
O2FFi6 UART4 receive buffer register (U4RB) 033F 16 UART2 receive buffer register (U2RB) 


Timer A2-1 register (TA21) 


Timer B3 register (TB3) 


Timer B5 register (TB5) 


(The blank area is reserved and cannot be used by user.) 


Figure 1.5.2. Location of peripheral unit control registers (2) 
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034016 | Count start flag (TABSR) 038016 [nb redi 

-D register 0 (ADO 
034116 | Clock prescaler reset flag (CPSRF) 038116 9 (ADO) 
034216 One-shot start flag (ONSF) 038216 Ja" register 1 (AD1) 
034316 | Trigger select register (TRGSR) 038316 


034416 | Up-down flag (UDF) 038416 |) 
034516 oaesie A-D register 2 (AD2) 


034616 | _ ; 038616 
034716 mer AO register (TAO) 038716 


034816 | __ : 038816 
034916 mer A1 register (TA1) 038916 


034A16 | __ ; 038A16 
034Bie | Timer A2 register (TA2) 038Bi6 


034Ci6 | _ ; 038Ci6 
034Die | Limer A3 register (TA3) 038D16 


034E16 | __ ; 038E16 
034F1¢ | Limer A4 register (TA4) 038F16 


035016 ; ; 039016 
035116 | Limer BO register (TBO) 039116 


035216 : : 039216 
035316 mer B1 register (TB1) 039316 


pi Timer B2 register (TB2) io A-D control register 2 (ADCON2) 
035616 | Timer AO mode register (TAOMR) 039616 | A-D control register 0 (ADCONO) 
035716 | Timer A1 mode register (TA1MR) 039716 | A-D control register 1 (ADCON1) 
035816 | Timer A2 mode register (TA2MR) 039816 | D-A register 0 (DAO) 

035916 | Timer A3 mode register (TA3MR) 039916 
035A16 | Timer A4 mode register (TA4MR) 039A16 | D-A register 1 (DA1) 

035Bi6 | Timer BO mode register (TBOMR) 039B16 

035C16 | Timer B1 mode register (TB1MR) 039C16 | D-A control register (DACON) 
035D16 | Timer B2 mode register (TB2MR) 039D16 

035E16 039E16 
035F 16 039F 16 
036016 | UARTO transmit/receive mode register (UOMR) 03A016 
036116 | UARTO bit rate generator (UOBRG) 03A116 
036216 . : 03A216 
036316 | UARTO transmit buffer register (UOTB) rer 
036416 | UARTO transmit/receive control register 0 (UOC) 03A416 
036516 | UARTO transmit/receive control register 1 (U0C1) 03A516 
036616 : ; 03A6i6 
036716 | UARTO receive buffer register (UORB) ree 
036816 | UART1 transmit/receive mode register (U1MR) O3A816 
036916 | UART1 bit rate generator (U1BRG) 03A916 
O36A16 . : O3AAi6 
036Bie | UART1 transmit buffer register (U1TB) aaABie 
036C16 | UART1 transmit/receive control register 0 (U1C0) O3ACi6 
036D16 | UART1 transmit/receive control register 1 (U1C1) 03AD16 


“SEE | UART1 receive butfer register (U1RB a“ 
036F 16 receive buffer register ( ) 03AF16 | Function select register C(PSC) 


A-D register 3 (AD3) 


A-D register 4 (AD4) 


A-D register 5 (AD5) 


A-D register 6 (AD6) 


A-D register 7 (AD7) 


037016 | UART transmit/receive control register 2 (UCON2) 038016 | Function select register AO (PSO) 


037116 03B116 | Function select register A1 (PS1) 
037216 03B216 | Function select register BO (PSLO) 
037316 03B316 | Function select register B1 (PSL1) 
037416 03B416 | Function select register A2 (PS2) 
( 
( 
( 


037516 03B516 | Function select register A3 (PS3) 

037616 | Flash memory control register 1 (FMR1) (Note) 03B61e | Function select register B2 (PSL2) 
037716 | Flash memory control register 0 (FMRO) (Note) 03B716 | Function select register B3 (PSL3) 
037816 | DMAO request cause select register (DMOSL) 03B816 
037916 | DMA1 request cause select register (DM1SL) 03B916 
037A16 | DMA2 request cause select register (DM2SL) 03BA16 
037B16 | DMA3 request cause select register (DM3SL) 03BB16 
037Ci16 : 03BC16 
037D16 | CRC data register (CRCD) OSBDi6 
037E16 | CRC input register (CRCIN) 03BE16 
037F16 O3BFi6 


Note :This register exists in the flash memory version. (The blank area is reserved and cannot be used by user.) 


Figure 1.5.3. Location of peripheral unit control registers (3) 
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03C016 | Port P6 (P6) 

03C116 | Port P7 (P7) 

03C216 | Port P6 direction register (PD6) 
03C316 | Port P7 direction register (PD7) 
03C416 | Port P8 (P8) 

03C516 | Port PQ (P9) 

03C616 | Port P8 direction register (PD8) 
03C716 | Port P9 direction register (PD9) 
03C816 | Port P10 (P10) 

030916 
03CAis | Port P10 direction register (PD10) 
O3CBis 
03C0C16 
03CD16 
O3CE16 
O3CFi6 
D016 
D1i6 
D216 
D316 
D416 
D516 
D616 
D716 
D816 
D916 
DAts | Pull-up control register 2 (PUR2) 
DBis | Pull-up control ty 3 (PUR3) 


DC16 
DDi6 
DE16 
DFi6 
03E016 | Port PO (PO) 

03E116 | Port P1 (P1) 

03E216 | Port PO direction register (PDO) 
03E316 | Port P1 direction register (PD1) 
03E416 | Port P2 (P2) 

03E516 | Port P3 (P3) 

03E616 | Port P2 direction register (PD2) 
03E716 | Port P3 direction register (PD3) 
03E816 | Port P4 (P4) 

03E916 | Port P5 (P5) 

03EA16 | Port P4 direction register (PD4) 
03EB16 | Port P5 direction register (PD5) 
O3EC16 
O3ED16 
O3EE16 
O3EF16 
03F016 | Pull-up control register 0 (PURO) 
03F116 | Pull-up control register 1 (PUR1) 
03F216 
03F316 
03F416 
F516 
F616 
F716 
F8i6 
F916 
FAi6 
FBi6 
FC16 
FD16 
FE16 
FFie | Port control register (PCR) 


Note 1: Addresses 03C916, 03CB16 to 03D316 area is for future plan. 
Must set "FF 16" to address 03CBi6, O3CE16, O3CF16, 03D216, 03D316 at initial setting. 
Note 2: “2° Address 03DCie area is for future plan. Must set "0016" to address 03DCié at initial setting. 


(The blank area is reserved and cannot be used by user.) 


Figure 1.5.4. Location of peripheral unit control registers (4) 
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Software Reset 
Writing “1” to bit 3 of the processor mode register 0 (address 000416) applies a (software) reset to the 
microcomputer. A software reset has the same effect as a hardware reset. The contents of internal RAM 
are preserved. 


Processor Mode 


(1) Types of Processor Mode 
One of three processor modes can be selected: single-chip mode, memory expansion mode, and micro- 
processor mode. The functions of some pins, the memory map, and the access space differ according to 
the selected processor mode. 
* Single-chip mode 
In single-chip mode, only internal memory space (SFR, internal RAM, and internal ROM) can be 
accessed. Ports PO to P10 can be used as programmable I/O ports or as I/O ports for the internal 
peripheral functions. 
Memory expansion mode 
In memory expansion mode, external memory can be accessed in addition to the internal memory 
space (SFR, internal RAM, and internal ROM). 
In this mode, some of the pins function as the address bus, the data bus, and as control signals. The 
number of pins assigned to these functions depends on the bus and register settings. (See “Bus 
Settings” for details.) 
Microprocessor mode 
In microprocessor mode, the SFR, internal RAM, and external memory space can be accessed. The 
internal ROM area cannot be accessed. 
In this mode, some of the pins function as the address bus, the data bus, and as control signals. The 
number of pins assigned to these functions depends on the bus and register settings. (See “Bus 
Settings” for details.) 
(2) Setting Processor Modes 


The processor mode is set using the CNVSs pin and the processor mode bits (bits 1 and 0 at address 
000416). Do not set the processor mode bits to “102”. 
Regardless of the level of the CNVSs pin, changing the processor mode bits selects the mode. Therefore, 
never change the processor mode bits when changing the contents of other bits. Also do not attempt to 
shift to or from the microprocessor mode within the program stored in the internal ROM area. 
¢ Applying Vss to CNVss pin 
The microcomputer begins operation in single-chip mode after being reset. Memory expansion mode 
is selected by writing “O12” to the processor mode is selected bits. 
¢ Applying Vcc to CNVss pin 
The microcomputer starts to operate in microprocessor mode after being reset. 
Figure 1.6.1 and 1.6.2 show the processor mode register 0 and 1. 
Figure 1.6.3 shows the memory maps applicable for each processor modes. 
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Processor mode register 0 (Note 1) 


oF D6 bet bt bS be ee Symbol Address When reset 
| fol | | | | [| pmo 000416 8016 (Note 2) 
Bit symbol iz 


. b1 bO 
PMOO Processor mode bit 0 0: Single-chip mode 
0 1: Memory expansion mode 


1 0: Inhibited 
ne 1 1: Microprocessor mode 


PMo2 R/W mode select bit 0: RD.BHE,WR 
(Note 7) 1: RD,WRH,WRL 


PMO3 Software reset bit The device is reset when this bit is set to “1”. 


trccceeee 


The value of this bit is “O” when read. 


PM04 + b5 b4 
eu tare es dee 0 0 : Multiplexed bus is not used 
select bit (Note 3) 0 1: Allocated to CS2 space 


PMO05 10: Allocated to CS1 space 
1 1: Allocated to entire space (Note4) 


Reserved bit Must always be set to “0” 


BCLK output disable bit | 0 : BCLK is output (Note 6) 
(Note 5) 1 : Function set by bit 0,1 of system 
clock control register 0 


: Set bit 1 of the protect register (address 000A16) to “1” when writing new values to this register. 
: If the Vcc voltage is applied to the CNVss, the value of this register when reset is 0316. (PMOO is set 
to “1” and PM07 is set to “O”.) 
: Valid in microprocessor and memory expansion modes 1, 2 and 3. Do not use multiplex bus when 
mode 0 is selected. Do not set to allocated to CS2 space when mode 2 is selected. 
: After the reset has been released, the M16C/80 group MCU operates using the separate bus. As a 
result, in microprocessor mode, you cannot select the full CS space multiplex bus. 
When you select the full CS space multiplex bus in memory expansion mode, the address bus 
operates with 64 Kbytes boundaries for each chip select. 
Mode 0: Multiplexed bus cannot be used. | 
Mode 1: CSO to CS2 when you select full CS space. 
Mode 2: CSO to CS1 when you select full CS space. 
Mode 3: CSO to CS3 when you select full CS space. 
No BCLK is output in single chip mode even when "0" is set in PM0O7. When stopping clock output in 
microprocessor or memory expansion mode, make the following settings: PM07="1", bit 0 (CMO0) and 
bit 1 (CM01) of system clock control register 0 (address 000616) = "0". "L" is now output from P53. 
When selecting BCLK, set bits 0 and 1 of system clock control register 0 (CM00, CM01) to "0". 
When using 16-bit bus width in DRAM controler, set this bit to "1". 


Figure 1.6.1. Processor mode register 0 
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Processor mode register 1 (Note 1) :Mask ROM version 


b7 b6 b5 b4 b3_ b2 bt Symbol Address When reset 


TTILIeLI I] ™ 00088 gore 


External memory area : Mode 0 (P44 to P47 : A20 to A23) 
mode bit (Note 3) : Mode 1 (P44 : Azo, 


P45 to P47 : CS2 to CSO) 
: Mode 2 (P44, P45 : A2o, A2t, 
P46, P47 : CS1, CSO) 
: Mode 3 (Note 2) 
(P44 to P47 : CS3 to CSO) 


Peee eee PM12 Internal memory wait bit te No wait state 
: Wait state inserted 
lea Reserved bit Must always be set to “0” —'o| 


eee aes ALE pin select bit (Note 3) A ae aaaie 
ae 0 1 : P53/BCLK (Note 4) 


S aacduneierahardaaneqerancesie PM15 10:P56/RAS 
11: P54/HLDA 


Senta as ssn Nothing is assinged. When read, the content is indeterminate. 


Bi en oti eo ya ekg ims torre 


Note 1: Set bit 1 of the protect register (address 000A16) to “1” when writing new values to this register. 
Note 2: When mode 3 is selected, DRAMC is not used. 

Note 3: Valid in memory expansion mode or in microprocessor mode. 

Note 4: When selecting P53/BCLK, set bits 0 and 1 of system clock control register 0 (CMO0, CM01) to "0". 


Processor mode register 1 (Note 1) :Flash memory version 


B7_ib6_ 5 ibd b3) “be bi -b0 Symbol Address When reset 


BRRECREE 000516 00r6 


External memory area ; : ‘Aaa 
mode bit (Note 3) ni ra nd : A20 to A23) 
P45 to P47 : CS2 to CSO) 
: Mode 2 (P44, P45 : Azo, A21, 
P46, P47 : CS1, CSO) 
: Mode 3 (Note 2) | 
(P44 to P47 : CS3 to CSO) 


eee PM12 Internal memory wait bit 0: No wait state 
1 : Wait state inserted 
ea pices Reserved bit Must always be set to “O” 0] 


Ee oe oceaameeua PM14 ALE pin select bit (Note 3) OO: No ALE 


ae | 0 1 : P53/BCLK (Note 4) eo 
beet at Ee 


: P54/HLDA 


we eee eee eee Reserved bit Must always be set to “1” loo 


Note 1: Set bit 1 of the protect register (address 000A16) to “1” when writing new values to this register. 
Note 2: When mode 3 is selected, DRAMC is not used. 

Note 3: Valid in memory expansion mode or in microprocessor mode. 

Note 4: When selecting P53/BCLK, set bits 0 and 1 of system clock control register 0 (CM00, CM01) to "0". 


Bee hepa cee eee es ess eee ene ia a ae ciples ae ciclaeiesin ee 


Figure 1.6.2. Processor mode register 1 
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Figure 1.6.3. Memory maps in each processor mode (without memory area expansion, normal mode) 
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Bus Settings 
The BYTE pin, bit 0 to 3 of the external data bus width control register (address 000B16), bits 4 and 5 of the 
processor mode register 0 (address 000416) and bit 0 and 1 of the processor mode register 1 (address 
000516) are used to change the bus settings. 
Table 1.7.1 shows the factors used to change the bus settings, figure 1.7.1 shows external data bus width 


control register and table 1.7.2 shows external area 0 to 3 and external area mode. 


Table 1.7.1. Factors for switching bus settings 
Switching external address bus width External data bus width control register 
Switching external data bus width BYTE pin (external area 3 only) 
Switching between separate and multiplex bus Bits 4 and 5 of processor mode register 0 


(1) Selecting external address bus width 
You can select the width of the address bus output externally from the 16 Mbytes address space, the 
number of chip select signals, and the address area of the chip select signals. (Note, however, that when 
you select “Full CS space multiplex bus”, addresses Ao to A15 are output.) The combination of bits 0 and 
1 of the processor mode register 1 allow you to set the external area mode. 
When using DRAM controller, the DRAM area is output by multiplexing of the time splitting of the row and 
column addresses. 

(2) Selecting external data bus width 
You can select 8-bit or 16-bit for the width of the external data bus for external areas 0, 1, 2, and 3. When 
the data bus width bit of the external data bus width control register is “O”, the data bus width is 8 bits; 
when “1”, it is 16 bits. The width can be set for each of the external areas. The default bus width for 
external area 3 is 16 bits when the BYTE pin is “L” after a reset, or 8 bits when the BYTE pin is “H” after 
a reset. The bus width selection is valid only for the external bus (the internal bus width is always 16 bits). 
During operation, fix the level of the BYTE pin to “H” or “L”. 


(3) Selecting separate/multiplex bus 


The bus format can be set to multiplex or separate bus using bits 4 and 5 of the processor mode register 0. 
¢ Separate bus 

In this bus configuration, input and output is performed on separate data and address buses. The data 

bus width can be set to 8 bits or 16 bits using the external data bus width control register. For all 

programmable external areas, PO is the data bus when the external data bus is set to 8 bits, and P1 is 

a programmable IO port. When the external data bus width is set to 16 bits for any of the external 

areas, PO and P1 (although P1 is undefined for any 8-bit bus areas) are the data bus. 

When accessing memory using the separate bus configuration, you can select a software wait using 

the wait control register. 

Multiplex bus 

In this bus configuration, data and addresses are input and output on a time-sharing basis. For areas 

for which 8-bit has been selected using the external data bus width control register, the 8 bits DO to D7 

are multiplexed with the 8 bits AO to A7. For areas for which 16-bit has been selected using the 

external data bus width control register, the 16 bits DO to D15 are multiplexed with the 16 bits AO to 

A15. When accessing memory using the multiplex bus configuration, two waits are inserted regard- 
less of whether you select “No wait” or “1 wait’ in the appropriate bit of the wait control register. 
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The default after a reset is the separate bus configuration, and the full CS space multiplex bus configu- 
ration cannot be selected in microprocessor mode. If you select “Full CS space multiplex bus”, the 16 


bits from AO to A15 are output for the address 


External data bus width control register 


b7 b6 b5 b4 b3 b2 b1 bO 
Symbol 
DS 


Address 
000B16 


External area 0 data bus 


width bit 


When reset 
XXXXX0002 


0 : 8 bits data bus width 
1: 16 bits data bus width 


External area 1 databus | Q: 8 bits data bus width 
.J| DS1 : : 
width bit 1: 16 bits data bus width 


External area 3 data bus 


width bit (Note) 


Nothing is assigned. 
When write, set "0". When read, their contents are indeterminate. 


0 : 8 bits data bus width 


16 bits data bus width 


Note: The value after a reset is determined by the input via the BYTE pin. 


Figure 1.7.1. External data bus width control register 


Table 1.7.2. External area 0 to 3 and external area mode 


External area mode 
Note 2 


Memory expansion mode, 
Microprocessor mode 


External 


) 


00800016 to 
1FFFFF 16 


<CS1 area> 
00800016 to 
1FFFFF 16 


<CS1 area> 
00800016 to 
1FFFFF 16 


DS2 External area 2 databus | 0:8 bits data bus width 
width bit 1: 16 bits data bus width 
1: 


<CS1 area> 
10000016 to 
1FFFFF16 


Memory expansion mode, 
Microprocessor mode 


External 


20000016 to 
SFFFFF16 


<CS2 area> 
20000016 to 
SFFFFF16 


No area is 
selected. 


<CS2 area> 
20000016 to 
2FFFFF16 


Memory expansion mode, 
Microprocessor mode 


External 


40000016 to 
BFFFFF16 
(Note 1) 


<DRAMC area> 
40000016 to 
BFFFFF16 


<DRAMC area> 
40000016 to 
BFFFFF16 


<CS3 area> 
C0000016 to 
CFFFFFi6 


Memory expansion mode 


C0000016 to 
EFFFFF16 


<CSO area> 
C0000016 to 
EFFFFF16 


<CSO area> 
C0000016 to 
EFFFFF16 


<CSO area> 
E0000016 to 
EFFFFF16 


External 


Microprocessor mode 


C0000016 to 
FFFFFF16 


Note 1: DRAMC area when using DRAMC. 


Note 2: Set the external area mode (modes 0, 1, 2, and 3) using bits 0 and 1 of the processor mode register 


1 (address 000516). 


<CSO area> 
E0000016 to 
FFFFFF16 


<CSO area> 
C0000016 to 
FFFFFF16 


<CSO area> 
FO000016 to 
FFFFFFi6 
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Bus Settings 


Table 1.7.3. Each processor mode and port function 


Processor 
mode 


Single-chip 
mode 


Multiplexed 


bus space 
select bit 


Data bus width 
BYTE pin level 


“O01”, 


separate bus 


All external 
area is 8 bits 


Address bus 
/data bus 
(Note 2) 


P20 to P27 I/O port 


CS1 or CS2: 
bus, and the other : 


multiplexed 


Some external 
area is 16 bits 


Address bus 
/data bus 
(Note 2) 


“99” 
Separate bus 


“44” 


§ Memory expansion mode/microprocessor modes Memory 
expansion mode 


“10” 


(Note 1) 


All space multiplexed 


bus 


All external Some external 

areais 8 bits | areais 16 bits 

P0otoP07 | WV/Oport | Data bus Data bus /O port /O port 
P10 to P17 _ /O port 1/0 port V/O port Databus V/Olport 1/0 
port 


Address bus 
/data bus 


Address bus | Address bus 


Address bus 
/data bus 


Address bus 
/data bus 


P30 to P37 I/O port | Address bus 


Address bus | Address bus Address bus | Address bus 
/data bus 
(Note 2) 
Address bus | Address bus | Address bus I/O port I/O port 


Eacieel aes (chip select) or address bus (A23) 
(For details, ee to “Bus control”) 


I/O port cs (chip select) or address bus (A23) 
(For details, refer to “Bus control”) (Note 5) 

/O port Outputs RD, WRL, WRH, and BCLK or RD, BHE, WR, and BCLK 
(For details, refer to “Bus control”) (Note 3,4) 


aa /O port | HLDA(Note 3) | HLDA(Note 3) | HLDA(Note 3) | HLDA(Note 3) | HLDA(Note 3) | HLDA(Note 3) 
ial I/O port HOLD HOLD HOLD HOLD HOLD HOLD 


I/O port RAS (Note 3) | RAS (Note 3)} RAS (Note 3) | RAS (Note 3) | RAS (Note 3) | RAS (Note 3) 


P40 to P43 I/O port ieheieee: [Aateeae bus 


P44 to P46 I/O port 


(Note 5) 
P47 


P50 to P53 


I/O port RDY RDY RDY RDY RDY RDY 


Note 1:The default after a reset is the separate bus configuration, and "Full CS space multiplex bus" cannot be selected in 
microprocessor mode. When you select "Full CS space multiplex bus" in extended memory mode, the address bus 
operates with 64 Kbytes boundaries for each chip select. 

Address bus in separate bus configuration. 

The ALE output pin is selected using bits 4 and 5 of the processor mode register 1. 

When you have selected use of the DRAM controller and you access the DRAM area, these are CASL, CASH, DW, and 
BCLK outputs. 

The CS signal and address bus selection are set by the external area mode. 


Note 2: 
Note 3: 
Note 4: 


Note 5: 
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Bus Control 


The following explains the signals required for accessing external devices and software waits. The signals 
required for accessing the external devices are valid when the processor mode is set to memory expansion 
mode and microprocessor mode. 


(1) Address bus/data bus 


There are 24 pins, Ao to A22 and A23 for the address bus for accessing the 16 Mbytes address space. A23 
is an inverted output of the MSB of the address. 
The data bus consists of pins for data lO. The external data bus control register (address 000B16) selects 
the 8-bit data bus, DO to D7 for each external area, or the 16-bit data bus, DO to D15. After a reset, there 
is by default an 8-bit data bus for the external area 3 when the BYTE pin is “H”, or a 16-bit data bus when 
the BYTE pin is “L”. 
When shifting from single-chip mode to extended memory mode, the value on the address bus is unde- 
fined until an external area is accessed. 
When accessing a DRAM area with DRAM control in use, a multiplexed signal consisting of row address 
and column address is output to As to A20. 

(2) Chip select signals 
The chip select signals share Ao to A22 and A23. You can use bits 0 and 1 of the processor mode register 
1 (address 000516) to set the external area mode, then select the chip select area and number of address 
outputs. 
In microprocessor mode, external area mode 0 is selected after a reset. The external area can be split 
into a maximum of four using the chip select signals. Table 1.7.4 shows the external areas specified by 
the chip select signals. 


Table 1.7.4. External areas specified by the chip select signals 


Memory space 
expansion Processor mode — — —— 
mode Csi CS2 


Chip select signal 


(A23) 


C0000016 to 
DFFFFF16 


(A22) (A21) 


Memory expansion mode 


(2 Mbytes) 


Microprocessor mode 


E0000016 to 
FFFFFF16 
(2 Mbytes) 


00800016 to 
1FFFFF16 
(2016 Kbytes) 


20000016 to 
3FFFFF16 
(2 Mbytes) 


oO 
Do 
jo 
{40] 
_ 
w 
Ww 
oO 
[= 
ie) 
ToT 
{90) 
te] 
© 
= 
(Ss) 
oO 
©. 
dp) 


Memory expansion mode 


C0000016 to 
EFFFFFi6 
(3 Mbytes) 


Microprocessor mode 


C0000016 to 
FFFFFF16 
(4 Mbytes) 


00800016 to 
3FFFFF16 
(4064 Kbytes) 


Memory expansion mode 


E0000016 to 
EFFFFF16 
(1 Mbytes) 


Microprocessor mode 


F0000016 to 
FFFFFF16 
(1 Mbytes) 


10000016 to 
1FFFFF16 
(1 Mbytes) 
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(3) Read/write signals 
With a 16-bit data bus, bit 2 of the processor mode register 0 (address 000416) select the combinations of 
RD, BHE, and WR signals or RD, WRL, and WRH signals. With a 8-bit full soace data bus, use the 
combination of RD, WR, and BHE signals as read/write signals. (Set "0" to bit 2 of the processor mode 
register 0 (address 000416).) When using both 8-bit and 16-bit data bus widths and you access an 8-bit 
data bus area, the RD, WR and BHE signals combination is selected regardless of the value of bit 2 of the 


processor mode register 0 (address 000416). 

Tables 1.7.5 and 1.7.6 show the operation of these signals. 

After a reset has been cancelled, the combination of RD, WR, and BHE signals is automatically selected. 

When switching to the RD, WRL, and WRH combination, do not write to external memory until bit 2 of the 

processor mode register 0 (address 000416) has been set (Note). 

Note 1: Before attempting to change the contents of the processor mode register 0, set bit 1 of the protect 
register (address 000A16) to “1”. 

Note 2: When using 16-bit data bus width for DRAM controller, select RD, WRL, and WRH signals. 


Table 1.7.5. Operation of RD, WRL, and WRH signals 
Data bus width RD WRL WRH Status of external data bus 

Read data 

Write 1 byte of data to even address 

Write 1 byte of data to odd address 

Write data to both even and odd addresses 


Note: It becomes WR signal. 


Table 1.7.6. Operation of RD, WR, and BHE signals 
Data bus width RD WR BHE Status of external data bus 

Write 1 byte of data to odd address 

Read 1 byte of data from odd address 

Write 1 byte of data to even address 

Read 1 byte of data from even address 

Write data to both even and odd addresses 

Read data from both even and odd addresses 

Not used Write 1 byte of data 

Not used Read 1 byte of data 


ee ee ee 
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(4) ALE signal 
The ALE signal latches the address when accessing the multiplex bus space. Latch the address when the 


ALE signal falls. The ALE output pin is selected using bits 4 and 5 of the processor mode register 1 
(address 000516). 


The ALE signal is occurred regardless of internal area and external area. 


When BYTE pin = “H” When BYTE pin = “L” 


ALE ALE 


Do/Ao to D7/A7 Address Data (Note 1) Do/Ao to D15/A15 Address Data (Note 1) 


As to A15 \ Address \ 


At6 to A19 Address (Note 2) A16 to A19 Address (Note 2) 


A20 to A22, A23 \ Address or CS \ A20 to Az2, A23 \ Address or CS \ 


Note 1: Floating when reading. 
Note 2: When full space multiplexed bus is selected, these are I/O ports. 


Figure 1.7.2. ALE signal and address/data bus 


(5) Ready signal 
The ready signal facilitates access of external devices that require a long time for access. As shown in 
Figure 1.7.2, inputting “L” to the RDY pin at the falling edge of BCLK causes the microcomputer to enter 
the ready state. Inputting “H” to the RDY pin at the falling edge of BCLK cancels the ready state. Table 
1.7.7 shows the microcomputer status in the ready state. Figure 1.7.3 shows the example of the RD 
signal being extended using the RDY signal. 
Ready is valid when accessing the external area during the bus cycle in which the software wait is ap- 
plied. When no software wait is operating, the RDY signal is ignored, but even in this case, unused pins 
must be pulled up. 


Table 1.7.7. Microcomputer status in ready state (Note) 


Item Status 


Oscillation On 


RD/WR signal, address bus, data bus, CS Maintain status when ready signal received 
ALE signal, HLDA, programmable I/O ports 
Internal peripheral circuits On 


Note: The ready signal cannot be received immediately prior to a software wait. 
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Separate bus (2 wait) 


1st cycle 2nd cycle 3rd cycle 4th cycle 


RD ! 
_____ (Note) 
CSi 
(i=0 to 3) 


RDY 


tsu(RDY + BCLK) 
A 


RDY received timing 


Multiplexed bus (2 wait) 
1st cycle 2nd cycle 3rd cycle 4th cycle 


CSi 
(i=0 to 3) 


GD : Wait using RDY signal RDY received timing 


Hee: Wait using software 


Input RDY signal at i + 1 cycles for i wait. 
(i = 1 to 3) 


Note: Chip select may get longer by a state of CPU such as an instruction queue buffer. 


Figure 1.7.3. Example of RD signal extended by RDY signal 
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(6) Hold signal 
The hold signal is used to transfer the bus privileges from the CPU to the external circuits. Inputting “L” to 
the HOLD pin places the microcomputer in the hold state at the end of the current bus access. This status 
is maintained and “L” is output from the HLDA pin as long as “L” is input to the HOLD pin. Table 1.7.8 
shows the microcomputer status in the hold state. The bus is used in the following descending order of 
priority: HOLD, DMAC, CPU. 


HOLD > DMAC > CPU 


Figure 1.7.4. Example of RD signal extended by RDY signal 


Table 1.7.8. Microcomputer status in hold state 


Item Status 


Oscillation ON 

RD/WR signal, address bus, data bus, CS, BHE Floating 

Programmable I/O ports PO, P1, P2,P3,P4,P5 | Maintains status when hold signal is received 
P6, P7, P8, P9, P10 

HLDA Output “L” 

Internal peripheral circuits ON (but watchdog timer stops) 

ALE signal Undefined 


(7) External bus status when accessing to internal area 
Table 1.7.9 shows external bus status when accessing to internal area 


Table 1.7.9. External bus status when accessing to internal area 


SFR accessing status Internal ROM/RAM accessing status 


Address bus Remain address of external area accessed immediately before 


Data bus} When read | Floating 


When write | Floating 
RD, WR, WRL, WRH | Output "H" 


Remain external area status accessed immediately before 
Output "H" 
ALE output 


(8) BCLK output 
BCLK output can be selected by bit 7 of the processor mode register 0 (address 000416 :PMO7) and bit 1 
and bit 0 of the system clock select register 0 (address 000616 :CM01, CMO0). Setting PMO7 to “O” and 
CMO01 and CMOO0 to “002” outputs the BCLK signal from P53. However, in single chip mode, BCLK signal 
is not output. When setting PM07 to “1”, the function is as set by CMO1 and CMOO. 
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(9) DRAM controller signals (RAS, CASL, CASH, and DW) 
Bits 1, 2, and 3 of the DRAM control register (address 000416) select the DRAM space and enable the 
DRAM controller. The DRAM controller signals are then output when the DRAM area is accessed. Table 
1.7.10 shows the operation of the respective signals. 


Table 1.7.10. Operation of RAS, CASL, CASH, and DW signals 


Data bus width RAS DW Status of external data bus 

Read data from both even and odd addresses 
Read 1 byte of data from even address 

Read 1 byte of data from odd address 

Write data to both even and odd addresses 
Write 1 byte of data to even address 

Write 1 byte of data to odd address 

Read 1 byte of data 

Write 1 byte of data 


L 
Not used 
Not used 


H 
H 
H 
L 
L 
L 
H 
L 


Ul (eat Weal) Ged VG (mae 


(10) Software wait 
A software wait can be inserted by setting the wait bit (bit 7) of the processor mode register 1 (address 
000516) (Note) and bits 4 to 7 of the wait control register (address 000816). Figure 1.7.5 shows wait 
control register 
You can use the external area | wait bits (where | = 0 to 3) of the wait control register to specify from “No 
wait” to “3 waits” for the external memory area. When you select “No wait”, the read cycle is executed in 
the BCLK1 cycle. The write cycle is executed in the BCLK2 cycle (which has 1 wait). When accessing 
external memory using the multiplex bus, access has two waits regardless of whether you specify “No 
wait” or “1 wait” in the appropriate external area i wait bits in the wait control register. 
Software waits in the internal memory (internal RAM and internal ROM) can be set using the internal 
memory wait bits of the processor mode register 1 (address 000516). Setting the internal memory wait bit 
= “0” sets “No wait”. Setting the internal memory wait bit = “1” specifies a wait. 
The SFR area is not affected by the setting of the internal memory wait bit and is always accessed in the 
BCLKk2 cycle. 
Table 1.7.11 shows the software waits and bus cycles. Figures 1.7.6 and 1.7.7 show example bus 
timings when using software waits. 
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Wait control register 


2 bi 
b7 b6 b5 b4 b3 b2 bi b0 Symbol Address When reset 


WCR 000816 


External area 0 wait bit oubwart 
ith 1 wait 

ith 2 wait 
ith 3 wait 

External area 1 wait bit “Without wait 
ith 1 wait 


- With 2 wait 
- With 3 wait 


External area 2 wait bit : Without wait 
: With 1 wait 
: With 2 wait 
: With 3 wait 


External area 3 wait bit : Without wait 
: With 1 wait 
: With 2 wait 
: With 3 wait 


Note 1: When using the multiplex bus configuration, there are two waits regardless of whether 
you have specified "No wait" or "1 wait". However, you can specify "2 wait" or "3 wait". 

Note 2: When using the separate bus configuration, the read bus cycle is executed in the 
BCLK1 cycle, and the write cycle is executed in the BCLK2 cycle (with 1 wait). 


Figure 1.7.5. Wait control register 


Table 1.7.11. Software waits and bus cycles 


Internal External memory 


0 1 BCLK cycle 
Internal 
ROM/RAM { 2 BCLK cycles 


Read :1 BCLK cycle 


Write : 2 BCLK cycles 


Separate bus 2 BCLK cycles 


External 3 BCLK cycles 
memory 


area 


4 BCLK cycles 


3 BCLK cycle 


3 BCLK cycles 
Multiplex bus 


3 BCLK cycles 


4 BCLK cycles 
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< Separate bus (no wait) > Bus cycle (Note) Bus cycle (Note) 


BCLK 


Write signal 
Read signal | 
Address bus (Note 2) {Address X ——_—_(Address) \ 


< Separate bus (with wait) > 
Bus cycle (Note) Bus cycle (Note) 


BCLK 


Write signal 


Read signal 


Data bus 


Address bus (Note 2) 
Chip select (Note 2,3) 


< Separate bus with 2 wait > 
Bus cycle (Note 1) Bus cycle (Note 1) 


BCLK 


a 
Write signal 


Read signal 


Data bus Data output (Input) 
Addressbus (Note 2) (Address KX Address) 


Chip select (Note 2,3) 


Note 1: This timing example shows bus cycle length. Read cycle and write cycle may be continued after this 
bus cycle. 

Note 2: Address bus and chip select may get longer by a state of CPU such as an instruction queue buffer. 

Note 3: When accessing same external area (same CS area) continuously, chip select may output 
continuously. 


Figure 1.7.6. Typical bus timings using software wait 
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< Separate bus (with 3 wait) > 
Bus cycle (Note) Bus cycle (Note) 


BCLK 


Write signal 


Read signal 


Data bus Data output 
(Note 2) 


Chip select 
(Note 2,3) 


< Multiplexed bus (with 2 wait) > 
Bus cycle (Note) Bus cycle (Note) 


BCLK 
Write signal 
Read signal 


ALE 


Address bus/Data bus Data output ( Address] (nou) 
(Note 2) 


Chip select 
(Note 2,3) 


< Multiplexed bus (with 3 wait) > 
Bus cycle (Note) 


BCLK 


Write signal 


Read signal 


Address bus 
/Data bus Address Data output (Address) 


(Note 2) 
ALE 


Chip select 
(Note 2,3) 


Note 1: This timing example shows bus cycle length. Read cycle and write cycle may be continued after this 
bus cycle. 

Note 2: Address bus and chip select may get longer by a state of CPU such as an instruction queue buffer. 

Note 3: When accessing same external area (same CS area) continuously, chip select may output 
continuously. 


Figure 1.7.7. Typical bus timings using software wait 
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Clock Generating Circuit 
The clock generating circuit contains two oscillator circuits that supply the operating clock sources to the 
CPU and internal peripheral units. 


Table 1.8.1. Main clock and sub clock generating circuits 
Use of clock * CPU’s operating clock source * CPU’s operating clock source 
¢ Internal peripheral units’ ¢ Timer A/B’s count clock 
operating clock source source 
Usable oscillator Ceramic or crystal oscillator Crystal oscillator 


Pins to connect oscillator XIN, XOUT XcIN, XCOUT 
Oscillation stop/restart function Available Available 
Oscillator status immediately after reset / Oscillating Stopped 
Other Externally derived clock can be input 


Example of oscillator circuit 
Figure 1.8.1 shows some examples of the main clock circuit, one using an oscillator connected to the 
circuit, and the other one using an externally derived clock for input. Figure 1.8.2 shows some examples 
of sub clock circuits, one using an oscillator connected to the circuit, and the other one using an externally 
derived clock for input. Circuit constants in Figures 1.8.1 and 1.8.2 vary with each oscillator used. Use 
the values recommended by the manufacturer of your oscillator. 


Microcomputer _ Microcomputer 
(Built-in feedback resistance) (Built-in feedback resistance) 


XIN XOuT XIN XOuT 


t Open 


Externally derived clock 
CIN Cour 


Note: Insert a damping resistance if required. The resistance will vary depending on the oscillator and the oscillation 
drive capacity setting. Use the value recommended by the maker of the oscillator. 
When the oscillation drive capacity is set to low, check that oscillation is stable. 
Insert a feedback resistance between XIN and XOUT when an oscillation manufacture required. 


Figure 1.8.1. Examples of main clock 


Microcomputer Microcomputer 
(Built-in feedback resistance) (Built-in feedback resistance) 


XCIN XCOUT XCIN XCOUT 


t Open 


Externally derived clock 


be 


Note: Insert a damping resistance if required. The resistance will vary depending on the oscillator and the oscillation 
drive capacity setting. Use the value recommended by the maker of the oscillator. 
When the oscillation drive capacity is set to low, check that oscillation is stable. 
Insert a feedback resistance between XCIN and XCOUT when an oscillation manufacture required. 


Figure 1.8.2. Examples of sub clock 
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Clock Control 
Figure 1.8.3 shows the block diagram of the clock generating circuit. 


XCOUT 


f1S102 


fsSlO2 


Sub clock 

CM10 “1” 

Write signal =De 
O 


ia J p—e-4] divider 1 
RESET —q > a 
Software reset a ain LL na 

WM qu -———“ CMos CMOo02 Divider 2 


Interrupt request 
level judgment 
output 


325102 


WAIT instruction —— 


1/N divider 


CMOi : Bit i at address 000616 : 
CM1i : Bit i at address 000716 ' Nis set by MCD4 to MCDO as follow: 
WDCi : Bit i at address OOOF 16 N= 1, 2, 3, 4, 6, 8, 10, 12, 14 and 16 


Details of divider 2 


Figure 1.8.3. Clock generating circuit 
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The following paragraphs describes the clocks generated by the clock generating circuit. 
(1) Main clock 


The main clock is generated by the main clock oscillation circuit. After a reset, the clock is divided by 8 to 
the BCLK. The clock can be stopped using the main clock stop bit (bit 5 at address 000616). Switching to 
the sub clock oscillation as CPU operating clock source before stopping the clock reduces the power 
dissipation. 

When the main clock is stoped (bit 5 at address 000616 =1) or the mode is shifted to stop mode (bit 0 at 
address 000716 =1), the main clock division register (address 000C 16) is set to the division by 8 ("0816"). 
After the oscillation of the main clock oscillation circuit has stabilized, the drive capacity of the main clock 
oscillation circuit can be reduced using the XIN-XOUT drive capacity select bit (bit 5 at address 000716). 
Reducing the drive capacity of the main clock oscillation circuit reduces the power dissipation. This bit 
defaults to “1” when shifting from high-speed or middle-speed mode to stop mode and after a reset. 
This bit remains in low-speed and low power dissipation mode. 


(2) Sub clock 


The sub clock is generated by the sub clock oscillation circuit. No sub clock is generated after a reset. 
After oscillation is started using the port Xc select bit (bit 4 at address 000616), the sub clock can be 
selected as the BCLK by using the system clock select bit (bit 7 at address 000616). However, be sure 
that the sub clock oscillation has fully stabilized before switching. 
After the oscillation of the sub clock oscillation circuit has stabilized, the drive capacity of the sub clock 
oscillation circuit can be reduced using the XCIN-XCOUT drive capacity select bit (bit 3 at address 000616). 
Reducing the drive capacity of the sub clock oscillation circuit reduces the power dissipation. This bit 
changes to “1” when shifting to stop mode and at a reset. 

(3) BCLK 
The BCLK is the clock that drives the CPU, and is either fc or is derived by dividing the main clock by 1, 
2, 3, 4, 6, 8, 10, 12, 14 or 16. The BCLK is derived by dividing the main clock by 8 after a reset. 
This signal is output from BCLK pin using CM01, CMO0 and PM07 in memory expansion mode and 
microprocessor mode. 
When main clock is stoped or shifting to stop mode, the main clock division register (address 000C 16) is 
set to the division by 8 ("0816"). 

(4) Peripheral function clock 
« f1, f8, £32, f1S102, fasio2, f32S102 
The clock for the peripheral devices is derived from the main clock or by dividing it by 8 or 32. The 
peripheral function clock is stopped by stopping the main clock or by setting the WAIT peripheral function 
clock stop bit (bit 2 at 000616) to “1” and then executing a WAIT instruction. 
* fAD 
This clock has the same frequency as the main clock and is used for A-D conversion. 

(5) fcs2 
This clock is derived by dividing the sub clock by 32. It is used for the timer A and timer B counts. 


(6) fc 


This clock has the same frequency as the sub clock. It is used for BCLK and for the watchdog timer. 


Figure 1.8.4 shows the system clock control registers 0 and 1 and figure 1.8.5 shows main clock division 
register. 
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System clock control register 0 (Note 1) 


b7 b6 b5 b4 b3 b2 bi b0 
Symbol Address — When reset 


CMO 000616 0816 


. b1 bO 
Clock output function 0.0: V/O port P53 


select bit (Note 2) 01 : fc output (Note 3) 
10: fg output (Note 3) 
1 1: f32 output (Note 3) 


CMo2 WAIT peripheral function | 0: Do not stop f1, fg, f32 in wait mode 
clock stop bit 1: Stop fi, fg, f32 in wait mode 
CM03 XCIN-XCOUT drive capacity . LOW 
select bit (Note 4) : HIGH 
Port Xc select bit 0: /O ae 
Main clock (XIN-XOUT) 0:On 
stop bit (Now 5, 6) 1 : Off (Note 7) 
CM06 Watchdog timer function ie Watchdog timer interrupt 
select bit : Reset (Note 8) 
System clock select bit 0 : XIN, XOUT 
CM07 (Note 9) 1: XCIN, XCOUT 


: Set bit 0 of the protect register (address 000A16) to “1” before writing to this register. 

: When outputting BCLK (bit 7 of processor mode register 0 is "0"), set these bits to "00". When 
outputting ALE to P53 (bit 5 and 4 of processor mode register 0 is "01"), set these bits to "00". The 
port P53 function is not selected even when you set "00" in microprocessor or memory expansion 
mode and bit 7 of the processor mode register 0 is "1". 

: When selecting fc, fs or f32 in single chip mode, must use P57 as input port. 

: Changes to “1” when shifting to stop mode or reset. 

: When entering power saving mode, main clock stops using this bit. When returning from stop 
mode and operating with XIN, set this bit to “O”. 

: When this bit is "1", XOUT is "H". Also, the internal feedback resistance remains ON, so XIN is pulled 
up to XOUT ("H" level) via the feedback resistance. 

: When the main clock is stopped, the main clock division register (address 000C16) is set to the 
division by 8 mode. 

: When "1" has been set once, "0" cannot be written by software. 

: To set CM07 "1" from "0", first set CM04 to "1", and an oscillation of sub clock is stable. Then set 
CMO07. Do not set CM04 and CMO07 simultaneously. Also, to set CM07 "0" from "1", first set CM05 
to "1", and an oscillation of main clock is stable. Then set CMO7. 


System clock control register 1 (Note 1) 


Symbol Address When reset 
CM1 000716 2016 


CM10 All clock stop control bit 0 : Clock on 
(Note 3) 1 : All clocks off (stop mode) (Note 4) 


Reserved bit Always set to “0” 


CM15 XIN-XOUT drive capacity 0: LOW 
select bit (Note 2) 1: HIGH 
Reserved bit Always set to “0” 19} 


Note 1: Set bit 0 of the protect register (address 000A16) to “1” before writing to this register. 

Note 2: Changes to “1” when shifting from high-speed or middle-speed mode to stop mode or reset. 
This bit is remained in low speed or low power dissipation mode. 

Note 3: When this bit is "1", XOUT is "H", and the internal feedback resistance is disabled. XCIN and 
XCOUT are high-inpedance. 

Note 4: When the main clock is stopped, the main clock division register (address 000C16) is set to the 
division by 8 mode. 


Figure 1.8.4. Clock control registers 0 and 1 
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Main clock division register (Note 1) 


b7 b6 b5 b4 b3 b2 bi b0 


Symbol Address When reset 
MCD 000C16 XXX010002 


Bil symbol 


MCDO | Main clock division select | “°°?” 
bit (Note 2) 


=r 
oO 
(oo) 
are 
oO 


: No division mode 

: Division by 2 mode 
: Division by 3 mode 
: Division by 4 mode 
: Division by 6 mode 
: Division by 8 mode 


: Division by 10 mode Bs 


MCD1 
MCD2 


: Division by 12 mode 
: Division by 14 mode 
: Division by 16 mode 


MCD3 


00010 
00011 
00100 
00110 
01000 
01010 
01100 
01110 
00000 


MCD4 


Nothing is assigned. 
When write, set "0". When read, their contents are indeterminate. 


Note 1: Set bit 0 of the protect register (address 000A16) to “1” before writing to 
this register. 

Note 2: These bits are "010002" (8-division mode) when main clock is stopped 
or you shift to stop mode. 

Note 3: Do not attempt to set combinations of values other than those shown in 
this figure. 


Figure 1.8.5. Main clock division register 


Clock Output 
In single chip mode, when the BCLK output function select bit (bit 7 at address 000416 :PMO7) is “1”, you 
can output f8, 32, or fc from the P53/BCLK/ALE/CLKOUT pins by setting the clock output function select 
bits (bits 1 and 0 at address 000616 :CM01, CMO0).(Note) 
Even when you set PM07 to “0” and CM01 and CMO0 to “002”, no BCLK is output. 
In memory expansion mode or microprocessor mode, when the ALE pin select bits (bits 5 and 4 at ad- 
dress 000516 :PM15, PM14) are other than “012(P53/BCLK)” and PM07 is “1”, you can output fs, f32, or fc 
from the P53/BCLK/ALE/CLKOUT pins by setting CM01 and CMOO. 
In memory expansion mode or microprocessor mode, when PM15 and PM14 are other than “012(P53/ 
BCLK)” and PM07 is “0” and CM01 and CMO00 to “002”, BCLK is output from the P53/BCLK/ALE/CLKOUT 
pins. 
When stopping clock output in memory expansion mode or microprocessor mode, set PM07 to “1” and 
CM01 and CMO0 to “002” (IO port P53). The P53 function is not selected. When PM15 and PM14 are “012 
(P53/BCLK)” and CM01 and CMO0 are “002”, PMO07 is ignored and the P53 pin is set for ALE output. 
When the WAIT peripheral function clock stop bit (bit 2 at address 000616) is set to “1”, f8 or f32 clock 
output is stopped when a WAIT command is executed. 
Table 1.8.2 shows clock output setting (single chip mode) and Table 1.8.3 shows clock output setting 
(memory expansion/microprocessor mode). 
Note :When outputting the fs, f32 or fc from port P53/BCLK/ALE/CLKOUT pin in single chip mode, use port 

P57/RDY as an input only port. 
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Table 1.8.2. Clock output setting (single chip mode) 


BCLK output function | Clock output function select ; : 
selector gee ALE pin select bit P53/BCLK/ALE/CLKout 


pin function 


PMO07 CMO0O1 CMOO PM15 PM14 
0 0 Ignored Ignored | P53 I/O port 


Ignored Ignored fc output (Note) 


) 1 

1 0 Ignored Ignored fg output (Note) 
1 1 Ignored Ignored f32 output (Note) 
Note :Must use P57 as input port. 


Table 1.8.3. Clock output setting (memory expansion/microprocessor mode) 


BCLK output function | Clock output function select : : 
pene bit bit ALE pin select bit P53/BCLK/ALE/CLKouT 


PM07 CMO1 CMOoo PM15 PM14 pin function 


BCLK output 
"L" output (not P53) 


fc output 


f8 output 


f32 output 


Ignored ALE output 


Stop Mode 
Writing “1” to the all-clock stop control bit (bit O at address 000716) stops all oscillation and the microcom- 
puter enters stop mode. In stop mode, the content of the internal RAM is retained provided that Vcc re- 
mains above 2V. 
Because the oscillation of BCLK, f1 to f32, f1S102 to f32S102, fc, f¢32, and fAD stops in stop mode, peripheral 
functions such as the A-D converter and watchdog timer do not function. However, timer A and timer B 
operate provided that the event counter mode is set to an external pulse, and UARTIi(i = 0 to 2) functions 
provided an external clock is selected. Table 1.8.4 shows the status of the ports in stop mode. 
Stop mode is cancelled by a hardware reset or interrupt. 
When using an interrupt to exit stop mode, the relevant interrupt must have been enabled and set to a 
priority level above the level set by the interrupt priority set bits (bits 2, 1, and 0 at address O009F 16) for 
exiting a stop/wait state. Set the interrupt priority set bits for the exit from a stop/wait state to the same level 
as the flag register (FLG) processor interrupt level (IPL). Figure 1.8.6 shows the exit priority register. 
When exiting stop mode using an interrupt, the relevant interrupt routine is executed. 
When shifting to stop mode and reset, the main clock division register (000C 16) is set to “0816”. 
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Clock Generating Circuit 


Table 1.8.4. Port status during stop mode 


Address bus, data bus, CSO to CS3 Retains status before stop mode 


Memory expansion mode Single-chip mode 
Microprocessor mode 


RD, WR, BHE, WRL, WRH, W, CASL, | “H” (Note) 


“H” (Note) 


“uy 


“uy 


Retains status before stop mode | Retains status before stop mode 


When fc selected a on 


When fs, f32 selected Retains status before stop mode /|Retains status before stop mode 


Note :When self-refresh is done in operating DRAM control, CAS and RAS becomes “L”. 


Exit priority register 


b7 b6 bS b4 b3 b2 bi b0 


Symbol Address — When reset 
RLVL O09F 16 XXXX00002 


Bisymbol] BH ‘| __Fureton__—=*(viRW 


Interrupt priority set bit for 
exiting Stop/Wait state 
(Note 1,2) 


: Level 0 
: Level 1 

: Level 2 
: Level 3 
: Level 4 
: Level 5 
: Level 6 
: Level 7 


High-speed interrupt 0: Interrupt priority level 7 = normal 
set bit (Note 3) interrupt ; 
1: Interrupt priority level 7 = high-speed 
interrupt 


Nothing is assigned. 
When write, set "0". When read, their contents are indeterminate. 


Note 1: Exits the Stop or Wait mode when the requested interrupt priority level is 
higher than that set in the exit priority register. 

Note 2: Set to the same value as the processor interrupt priority level (IPL) set in 
the flag register (FLG). 

Note 3: The high-speed interrupt can only be specified for interrupts with 
interrupt priority level 7. Specify interrupt priority level 7 for only one 
interrupt. 


Figure 1.8.6. Exit priority register 
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Wait Mode 


When a WAIT instruction is executed, the BCLK stops and the microcomputer enters the wait mode. In this 
mode, oscillation continues but the BCLK and watchdog timer stop. Writing “1” to the WAIT peripheral 
function clock stop bit and executing a WAIT instruction stops the clock being supplied to the internal 
peripheral functions, allowing power dissipation to be reduced. Table 1.8.5 shows the status of the ports in 
wait mode. 

Wait mode is cancelled by a hardware reset or interrupt. If an interrupt is used to cancel wait mode, the 
microcomputer restarts using as BCLK the clock that had been selected when the WAIT instruction was 
executed. 

When using an interrupt to exit Wait mode, the relevant interrupt must have been enabled and set to a 
priority level above the level set by the interrupt priority set bits for exiting a stop/wait state (bits 2, 1, and 0 
at address 009F 16). Set the interrupt priority set bits for the exit from a stop/wait state to the same level as 
the flag register (FLG) processor interrupt level (IPL). 

When using an interrupt to exit Wait mode, the microcomputer resumes operating the clock that was oper- 
ating when the WAIT command was executed as BCLK from the interrupt routine. 


Table 1.8.5. Port status during wait mode 


Memory expansion mode Single-chip mode 
Microprocessor mode 


Address bus, data bus, CSO to CS3, Retains status before wait mode 
BHE 
RD, WR, WRL, WRH, DW, CASL, “H” (Note) 
CASH 
RAS “H” (Note) 
HLDA,BCLK “H” 

ALE “L” 

Port Retains status before wait mode | Retains status before wait mode 
CLKOUT When fc selected Does not stop 

When fs, f32 selected| Does not stop when the WAIT peripheral function clock stop bit 
is “O”. When the WAIT peripheral function clock stop bit is “1”, 
the status immediately prior to entering wait mode is main- 
tained. 

Note :When self-refresh is done in operating DRAM control, CAS and RAS becomes “L’. 
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Status Transition of BCLK 
Power dissipation can be reduced and low-voltage operation achieved by changing the count source for 
BCLK. Table 1.8.6 shows the operating modes corresponding to the settings of system clock control 
registers 0 and main clock division register. 
After a reset, operation defaults to division by 8 mode. When shifting to stop mode, reset or stopping main 
clock, the main clock division register (address 000C 16) is set to “0816”. 


(1) Division by 2 mode 
The main clock is divided by 2 to obtain the BCLK. 
(2) Division by 3 mode 
The main clock is divided by 3 to obtain the BCLK. 
(3) Division by 4 mode 
The main clock is divided by 4 to obtain the BCLK. 
(4) Division by 6 mode 
The main clock is divided by 6 to obtain the BCLK. 
(5) Division by 8 mode 
The main clock is divided by 8 to obtain the BCLK. After reset, this mode is executed. Note that oscillation 
of the main clock must have stabilized before transferring from this mode to no-division, division by 2, 6, 
10, 12, 14 and 16 mode. 


Oscillation of the sub clock must have stabilized before transferring to low-speed and low power dissipa- 
tion mode. 


(6) Division by 10 mode 
The main clock is divided by 10 to obtain the BCLK. 
(7) Division by 12 mode 
The main clock is divided by 12 to obtain the BCLK. 
(8) Division by 14 mode 
The main clock is divided by 14 to obtain the BCLK. 
(9) Division by 16 mode 
The main clock is divided by 16 to obtain the BCLK. 
(10) No-division mode 
The main clock is divided by 1 to obtain the BCLK. 
(11) Low-speed mode 
fc is used as BCLK. Note that oscillation of both the main and sub clocks must have stabilized before 
transferring from this mode to another or vice versa. At least 2 to 3 seconds are required after the sub 


clock starts. Therefore, the program must be written to wait until this clock has stabilized immediately 
after powering up and after stop mode is cancelled. 

(12) Low power dissipation mode 
fc is the BCLK and the main clock is stopped. 
When the main clock is stoped, the main clock division register (address 000C 16) is set to the division by 
8 mode. 
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Note: When count source of BCLK is changed from clock A to clock B (XIN to XCIN or XCIN to XIN), clock B 
needs to be stable before changing. Please wait to change modes until after oscillation has stabilized. 


Table 1.8.6. Operating modes dictated by settings of system clock control register 0 and main clock division register 


Operating mode of BCLK 
0 Invalid 1 0 0 1 0 No division 
0 0 Invalid 0 0 0 1 0 Division by 2 mode 
0 0 Invalid 0 0 0 1 1 Division by 3 mode 
0 0 Invalid 0 0 1 0 0 Division by 4 mode 
0 0 Invalid 0 0 1 1 0 Division by 6 mode 
0 0 Invalid 0 1 0 0 0 Division by 8 mode 
0 0 Invalid 0 1 0 1 0 Division by 10 mode 
0 0 Invalid 0 1 1 0 0 Division by 12 mode 
0 0 Invalid 0 1 1 1 0 Division by 14 mode 
0 0 Invalid 0 0 0 0 0 Division by 16 mode 
1 0 1 Invalid | Invalid | Invalid | Invalid | Invalid | Low-speed mode 
1 1 1 Invalid | Invalid | Invalid | Invalid | Invalid | Low power dissipation mode 
are SRE a 
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Power Saving 
In Power Save modes, the CPU and oscillator stop and the operating clock is slowed to minimize power 
dissipation by the CPU. The following outlines the Power Save modes. 
There are three power save modes. 


(1) Normal operating mode 

¢ High-speed mode 
In this mode, one main clock cycle forms BCLK. The CPU operates on the selected internal clock. The 
peripheral functions operate on the clocks specified for each respective function. 

- Medium-speed mode 
In this mode, the main clock is divided into 2, 3, 4, 6, 8, 10, 12, 14, or 16 to form BCLK. The CPU 
operates on the selected internal clock. The peripheral functions operated on the clocks specified for 
each respective function. 

- Low-speed mode 
In this mode, fc forms BCLK. The CPU operates on the fc clock. fc is the clock supplied by the 
subclock. The peripheral functions operate on the clocks specified for each respective function. 

- Low power-dissipation mode 
This mode is selected when the main clock is stopped from low-speed mode. The CPU operates on 
the fc clock. fc is the clock supplied by the subclock. Only the peripheral functions for which the 
subclock was selected as the count source continue to run. 


(2) Wait mode 


CPU operation is halted in this mode. The oscillator continues to run. 


(3) Stop mode 
All oscillators stop in this mode. The CPU and internal peripheral functions all stop. Of all 3 power saving 
modes, power savings are greatest in this mode. 


Figure 1.8.7 shows the clock transition between each of the three modes, (1), (2), and (3). 
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All oscillators stopped 
CM10="1” 


WAIT 
instruction 


CPU operation stopped 


~ 


a 
—s— 
{eee cx“ 


C 


Medium-speed mode “ —————— > 
(Divided-by-8 mode) J <¢——— 


Wait mode 


Interrupt 


Note 1 


Interrupt 


WAIT CPU operation stopped 


\ 


speed mode 


esate | 


instruction 
——————> Wait mode 
+<——_ 


Note 1 
All oscillators stopped 


Note 2 


Interrupt 


WAIT CPU operation stopped 


CM10=“1” 
eae 


Interrupt 
Note 3 


Stop mode 


\ dissipation mode 


(— Low-speed/low power 


Note 4 
Normal mode —— 


instruction 


<¢-——— 


Interrupt 


(Please see the following as transition of normal mode.) 
Note 1: Switch clocks after oscillation of main clock is fully stable. After stop mode or when main clock oscillation is stopped, 


transferred to the middle speed mode. 
Note 2: Switch clocks after oscillation of sub clock is fully stable. 


Note 3: The main ckock devision register is set to the division by 8 mode (MCD="0816"). 
Note 4: When shifting to low power dissipation mode, the main ckock devision register is set to the division by 8 mode (MCD="0816"). 


Transition of normal mode 


Please change according to a direction of an arrow. 


| 
High-speed/medium-speed mode 


MCD="XX16” 
Note 1, 3 


Main clock is oscillating 
Sub clock is stopped 


High-speed mode 


ra 


BCLK :f(XIN) 
\_ ower CD26 


Medium-speed mode 
(divided-by-2, 3, 4, 6, 10, 12, 14 and 16 mode) 


BCLK :f(Xin)/division rate 
CM07="0” MCD=“XX16” 
Note 4 


cmo7="0" Note 1 


MCD="XX16e” Note 3 
CM04="1” 


Low-speed/low power dissipation mode 


CM04="0" 
——__—_ 


Main clock is stopped 
Sub clock is oscillating 
Low power 
dissipation mode 


L 


Note 1: Switch clocks after oscillation of main clock is fully stable. 
Note 2: Switch clocks after oscillation of sub clock is fully stable. 


cmo7="1" Note 2 
CMO05="1” 


CM05="1" 
BCLK :f(XCIN) 

CM07="1” 
cmo5="0" Note 4 


Note 3: Set the desired division to the main clock division register (MCD). 


Note 4: When shifting to division by 8 mode, MCD is set to "0816". 


Figure 1.8.7. Clock transition 


Main clock is oscillating 
Sub clock is oscillating 


Main clock is oscillating 
Sub clock is stopped 
Medium-speed mode (divided-by-8 mode) 


| BCLK :f(XIN)/8 
CM07="0” MCD=-0816" 
CM04="1” 
MCD="XX16” 


Note 1, 3 


High-speed mode 


(" BCLK :f(XIN) | 
CMO07="0" MCD="1216” 


Medium-speed mode 
(divided-by-2, 3, 4, 6, 8, 10, 12, 14 and 16 mode) 


BCLK :f(XiN)/division rate \ 


CM07="0" MCD="Xxi6" | 
Note 4 J) 


cmo7="0 Note 1 
MCD="XXi6e” Note 3 


CMo7="1” 
Note 2 


Main clock is oscillating 
Sub clock is oscillating 


Low-speed mode 


» 


BCLK :f(XcIN) 
CMo7="1” 


a 
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Protection 

The protection function is provided so that the values in important registers cannot be changed in the event 
that the program runs out of control. Figure 1.8.8 shows the protect register. The values in the processor 
mode register 0 (address 000416), processor mode register 1 (address 000516), system clock control reg- 
ister 0 (address 000616), system clock control register 1 (address 000716), main clock division register 
(address 000C16), port P9 direction register (address 03C716) and function select register A3 (address 
03B516) can only be changed when the respective bit in the protect register is set to “1”. Therefore, impor- 
tant outputs can be allocated to port P9. 

If, after “1” (write-enabled) has been written to the PRC2 (bit 2 at address 000A16), a value is written to any 
address, the bit automatically reverts to “O” (write-inhibited). Change port P9 input/output and function 
select register A3 immediately after setting "1" to PRC2. Interrupt and DMA transfer should not be inserted 
between instructions. However, the PRCO (bit 0 at address 000A16) and PRC1 (bit 1 at address O000A16) do 
not automatically return to “O” after a value has been written to an address. The program must therefore be 
written to return these bits to “O”. 


Protect register 


b7 b6 bS b4 b3 b2 bi bd 


Symbol Address When reset 
PRCR O00A16 XXXXX0002 


| [Biermba 


' Enables writing to system clock ih 2 apa 

PRCO | control registers 0 and 1 (addresses | 0 : Write-inhibited 
000616 and 000716) and main clock |! : Write-enabled 
division register (address 000816) 


Enables writing to processor mode + Write-inhihj 
‘wees PRC1 registers 0 and 1 (addresses 000416 ; : cee 
and 000516) ‘ 


Nothing is assigned. 
When write, set "0". When read, their contents are indeterminate. 


PRC2 Enables writing to port P9 direction Lee 
register (address 03C716) and 0 : Write-inhibited 
function select register A3 (address | 1 : Write-enabled 
03B516) (Note) 


Note: Writing a value to an address after “1” is written to this bit returns the bit 
to “0”. Other bits do not automatically return to “O” and they must therefore 
be reset by the program. 


Figure 1.8.8. Protect register 
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Interrupt Outline 


Types of Interrupts 
Figure 1.9.1 lists the types of interrupts. 


Undefined instruction (UND instruction) 
Overflow (INTO instruction) 
Software — ooo  ——— J BRK instruction 
BRk2 instruction 
INT instruction 


Interrupt 

Reset 

NMI 

Watchdog timer 
Single step 
Address matched 


Special 


Hardware 


Peripheral 1/0"! 


“1 Peripheral I/O interrupts are generated by the peripheral functions built into the microcomputer 
system. High-speed interrupt can be used as highest priority in peripheral I/O interrupts. 


Figure 1.9.1. Classification of interrupts 


¢ Maskable interrupt : An interrupt which can be enabled (disabled) by the interrupt enable flag (I 
flag) or whose interrupt priority can be changed by priority level. 

¢ Non-maskable interrupt : An interrupt which cannot be enabled (disabled) by the interrupt enable flag 
(I flag) or whose interrupt priority cannot be changed by priority level. 
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Software Interrupts 
Software interrupts are generated by some instruction that generates an interrupt request when ex- 
ecuted. Software interrupts are nonmaskable interrupts. 

(1) Undefined-instruction interrupt 
This interrupt occurs when the UND instruction is executed. 

(2) Overflow interrupt 
This interrupt occurs if the INTO instruction is executed when the O flag is 1. 
The following lists the instructions that cause the O flag to change: 
ABS, ADC, ADCF, ADD, ADDX, CMP, CMPX, DIV, DIVU, DIVX, NEG, RMPA, SBB, SCMPU, SHA, 
SUB, SUBX 

(3) BRK interrupt 
This interrupt occurs when the BRK instruction is executed. 

(4) BRK2 interrupt 
This interrupt occurs when the BRkK2 instruction is executed. This interrupt is used exclusively for 
debugger purposes. You normally do not need to use this interrupt. 

(5) INT instruction interrupt 
This interrupt occurs when the INT instruction is executed after specifying a software interrupt number 
from 0 to 63. Note that software interrupt numbers 0 to 43 are assigned to peripheral I/O interrupts. 
This means that by executing the INT instruction, you can execute the same interrupt routine as used 
in peripheral I/O interrupts. 
The stack pointer used in INT instruction interrupt varies depending on the software interrupt number. 
For software interrupt numbers 0 to 31, the U flag is saved when an interrupt occurs and the U flag is 
cleared to 0 to choose the interrupt stack pointer (ISP) before executing the interrupt sequence. The 
previous U flag before the interrupt occurred is restored when control returns from the interrupt rou- 
tine. For software interrupt numbers 32 to 63, such stack pointer switchover does not occur. 
However, in peripheral I/O interrupts, the U flag is saved when an interrupt occurs and the U flag is 
cleared to 0 to choose ISP. 
Therefore movement of U flag is different by peripheral I/O interrupt or INT instruction in software 
interrupt number 32 to 43. 
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Hardware Interrupts 


There are Two types in hardware Interrupts; special interrupts and Peripheral I/O interrupts. 
(1) Special interrupts 
Special interrupts are nonmaskable interrupts. 
Reset 
A reset occurs when the RESET pin is pulled low. 
NMI interrupt 
This interrupt occurs when the NMI pin is pulled low. 
Watchdog timer interrupt 
This interrupt is caused by the watchdog timer. 
Address-match interrupt 
This interrupt occurs when the program's execution address matches the content of the address match 
register while the address match interrupt enable bit is set (= 1). 
This interrupt does not occur if any address other than the start address of an instruction is set in the 
address match register. 
Single-step interrupt 
This interrupt is used exclusively for debugger purposes. You normally do not need to use this inter- 
rupt. A single-step interrupt occurs when the D flag is set (= 1); in this case, an interrupt is generated 
each time an instruction is executed. 


(2) Peripheral I/O interrupts 


A peripheral I/O interrupt is generated by one of built-in peripheral functions. Built-in peripheral func- 
tions are dependent on classes of products, so the interrupt factors too are dependent on classes of 
products. The interrupt vector table is the same as the one for software interrupt numbers 0 through 
43 the INT instruction uses. Peripheral I/O interrupts are maskable interrupts. 
¢ Bus collision detection, start/stop condition detection interrupts (UART2, UART3, UART4), fault 
error interrupts (UARTS, 4) 
This is an interrupt that the serial I/O bus collision detection generates. When |?C mode is selected, 
start, stop condition interrupt is selected. When SS pin is selected, fault error interrupt is selected. 
¢ DMAO through DMAS3 interrupts 
These are interrupts that DMA generates. 
¢ Key-input interrupt 
A key-input interrupt occurs if an “L” is input to the KI pin. 
- A-D conversion interrupt 
This is an interrupt that the A-D converter generates. 
¢ UARTO, UART1, UART2/NACK, UART3/NACK and UART4/NACK transmission interrupt 
These are interrupts that the serial I/O transmission generates. 
¢- UARTO, UART1, UART2/ACK, UART3/ACK and UART4/ACK reception interrupt 
These are interrupts that the serial I/O reception generates. 
- Timer AO interrupt through timer A4 interrupt 
These are interrupts that timer A generates 
- Timer BO interrupt through timer B5 interrupt 
These are interrupts that timer B generates. 
- INTO interrupt through INT5 interrupt 
An INT interrupt selects a edge sense or a level sense. In edge sense, an INT interrupt occurs if either 
a rising edge or a falling edge or a both edge is input to the INT pin. In level sense, an INT interrupt 
occurs if either a '"H" level or a "L" level is input to the INT pin. 
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High-speed interrupts 
High-speed interrupts are interrupts in which the response is executed at 5 cycles and the return is 3 
cycles. 
When a high-speed interrupt is received, the flag register (FLG) and program counter (PC) are saved to 
the save flag register (SVF) and save PC register (SVP) and the program is executed from the address 
shown in the vector register (VCT). 
Execute a FREIT instruction to return from the high-speed interrupt routine. 
High-speed interrupts can be set by setting “1” in the high-speed interrupt specification bit allocated to bit 
3 of the exit priority register. Setting “1” in the high-speed interrupt specification bit makes the interrupt set 
to level 7 in the interrupt control register into a high-speed interrupt. 
You can only set one interrupt as a high-speed interrupt. When using a high-speed interrupt, do not set 
multiple interrupts as level 7 interrupts. 
The interrupt vector for a high-speed interrupt must be set in the vector register (VCT). 
When using a high-speed interrupt, you can use a maximum of two DMAC channels. 
The execution speed is improved when register bank 1 is used with high speed interrupt register selected 
by not saving registers to the stack but to the switching register bank. In this case, switch register bank 
mode for high-speed interrupt routine. 


Interrupts and Interrupt Vector Tables 


If an interrupt request is accepted, a program branches to the interrupt routine set in the interrupt vector 
table. Set the first address of the interrupt routine in each vector table. Figure 1.9.2 shows the format for 
specifying the address. 

Two types of interrupt vector tables are available — fixed vector table in which addresses are fixed and 
variable vector table in which addresses can be varied by the setting. 


MSB LSB 
Vector address + 1 Mid address 


Vector address + 2 High address 
Vector address + 3 0000 0000 


Figure 1.9.2. Format for specifying interrupt vector addresses 
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- Fixed vector tables 
The fixed vector table is a table in which addresses are fixed. The vector tables are located in an area 
extending from FFFFDC16 to FFFFFF16. One vector table comprises four bytes. Set the first address 
of interrupt routine in each vector table. Table 1.9.1 shows the interrupts assigned to the fixed vector 
tables and addresses of vector tables. 


Table 1.9.1. Interrupt factors (fixed interrupt vector addresses) 

Interrupt source Vector table addresses Remarks 
Address (L) to address (H) 
Undefined instruction | FFFFDC16 to FFFFDF16 | Interrupt on UND instruction 
Overflow FFFFE016 to FFFFE316 Interrupt on INTO instruction 
BRK instruction FFFFE416 to FFFFE716 If content of FFFFE7 16 is filled with FF16, program 
execution starts from the address shown by the vector in the 


variable vector table 

Address match FFFFE816 to FFFFEBié | There is an address-matching interrupt enable bit 
Watchdog timer FFFFFO016 to FFFFF316 
NMI FFFFF816 to FFFFFB16 External interrupt by input to NMI pin 
Reset FFFFFC16 to FFFFFF16 


¢ Vector table dedicated for emulator 
Table 1.9.2 shows interrupt vector address which is vector table register dedicated for emulator (ad- 
dress 00002016 to 00002316). These instructions are not effected with interrupt enable flag (I flag) 
(non maskable interrupt). 
This interrupt is used exclusively for debugger purposes. You normally do not need to use this inter- 
rupt. Do not access to the interrupt vector table register dedicated for emulator (address 00002016 to 
00002316). 


Table 1.9.2. Interrupt vector table register for emulator 

Interrupt source Vector table addresses Remarks 
Address (L) to address (H) 
BRk2 instruction Interrupt vector table register for emulator Interrupt for debugger 
00002016 to 00002316 
Single step Interrupt vector table register for emulator Interrupt for debugger 
00002016 to 00002316 


¢ Variable vector tables 


The addresses in the variable vector table can be modified, according to the user’s settings. Indicate 
the first address using the interrupt table register (INTB). The 256-byte area subsequent to the ad- 
dress the INTB indicates becomes the area for the variable vector tables. One vector table comprises 
four bytes. Set the first address of the interrupt routine in each vector table. Table 1.9.3 shows the 
interrupts assigned to the variable vector tables and addresses of vector tables. 

Set an even address to the start address of vector table setting in INTB so that operating efficiency is 
increased. 
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Table 1.9.3. Interrupt causes (variable interrupt vector addresses) 


Software interrupt number 


Vector table address 


Address (L) to address (H) 


Interrupt source 


Remarks 


Software interrupt number 0 


+0 to +3 (Note 1) 


BRK instruction 


Cannot be masked | flag 


Software interrupt number 8 +32 to +35 (Note 1) DMAO 

Software interrupt number 9 +36 to +39 (Note 1) DMA1 

Software interrupt number 10 +40 to +43 (Note 1 DMA2 

Software interrupt number 11 +44 to +47 (Note 1 DMA3 

Software interrupt number 12 +48 to +51 (Note 1 Timer AO 
Software interrupt number 13 +52 to +55 (Note 1 Timer A1 
Software interrupt number 14 +56 to +59 (Note 1 Timer A2 
Software interrupt number 15 +60 to +63 (Note 1 Timer A3 
Software interrupt number 16 +64 to +67 (Note 1 Timer A4 
Software interrupt number 17 UARTO transmit 


Software interrupt number 18 


UARTO receive 


Software interrupt number 19 


UART1 transmit 


Software interrupt number 20 


UART1 receive 


) 

) 

( ) 
( ) 
( ) 
( ) 
( ) 
+68 to +71 (Note 1) 
( ) 
( ) 
( ) 
( ) 
( ) 
) 

) 

y 


Software interrupt number 21 +84 to +87 (Note 1 Timer BO 
Software interrupt number 22 +88 to +91 (Note 1 Timer B1 
Software interrupt number 23 +92 to +95 (Note 1 Timer B2 
Software interrupt number 24 +96 to +99 (Note 1 Timer B3 
Software interrupt number 25 +100 to +103 (Note 1) | Timer B4 
Software interrupt number 26 +104 to +107 (Note 1) | INT5 
Software interrupt number 27 +108 to +111 (Note 1) | INT4 
Software interrupt number 28 +112 to +115 (Note 1) INT3 
Software interrupt number 29 +116 to +119 (Note 1) | INT2 
Software interrupt number 30 +120 to +123 (Note 1) | INT1 
Software interrupt number 31 +124 to +127 (Note 1) | INTO 
Software interrupt number 32 +128 to +131 (Note 1) | Timer B5 


Software interrupt number 33 


+132 to +135 (Note 1 


UART2 transmit/NACK (Note 2) 


Software interrupt number 34 


+136 to +139 (Note 1 


UART2 receive/ACK (Note 2) 


Software interrupt number 35 


UARTS transmit/NACK (Note 2) 


Software interrupt number 36 


+144 to +147 (Note 1 


UARTS receive/ACK (Note 2) 


Software interrupt number 37 


+148 to +151 (Note 1 


UART4 transmit/NACK (Note 2) 


Software interrupt number 38 


( 
( 
( 
+140 to +143 (Note 1 
( 
( 
( 


+152 to +155 (Note 1 


UART4 receive/ACK (Note 2) 


Software interrupt number 39 


+156 to +159 (Note 1 


Bus collision detection, start/stop 
condition detection (UART2) (Note 2) 


Software interrupt number 40 


+160 to +163 (Note 1 


Bus collision detection, start/stop condition 
detection, fault error (UARTS3) (Note 2, 3) 


Software interrupt number 41 


+164 to +167 (Note 1 


Bus collision detection, start/stop condition 
detection, fault error (UART4) (Note 2, 3) 


Software interrupt number 42 


+168 to +171 (Note 1 


A-D 


Software interrupt number 43 


+172 to +175 (Note 1) 


Key input interrupt 


Software interrupt number 44 


to 
Software interrupt number 63 


+176 to +179 (Note 1) 


to 
+252 to +255 (Note 1) 


Software interrupt 


Cannot be masked | flag 


Note 1: Address relative to addr 


Note 3: The fault error interrupt 


ess in interrupt table register (INTB). 
Note 2: When I2C mode is selected, NACK/ACK, start/stop condition detection interrupts are selected. 


is selected when SS pin is selected. 
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Interrupt control registers 
Peripheral I/O interrupts have their own interrupt control registers. Figure 1.9.3 shows the interrupt con- 
trol registers. 
When using an interrupt to exit Stop mode or Wait mode, the relevant interrupt must have been enabled 
and set to a priority level above the level set by the interrupt priority set bits for exit a stop/wait state (bits 
2, 1, and O at address 009F 16). Set the interrupt priority set bits for the exit from a stop/wait state to the 
same level as the flag register (FLG) processor interrupt level (IPL). 
Figure 1.9.4 shows the exit priority register. 
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Interrupt control register 


Symbol Address When reset 
ADIC 007316 §XXXXX0002 
BCNiIC(i=2 to 4) 008F16, 007116, 009116 = XXXXX0002 
DMilC(i=0 to 3) 006816, 008816, O06A16, O08A16 ==XXXXxX0002 
KUPIC 009316 XXXXxX0002 
TAiIC(i=0 to 4 006C16, 008C16, OO6E16, O08E16, 007016 XXXXX0002 
b7_b6 b5 b4 b3 b2 bt b0 TBilC(i=0 to 5) 009416, 007616, 009616, 007816, 009816, 006916 = XXXXX0002 
SITIC(i=0 to 4 009016, 009216, 008916, O08Bis,008D16é = XXXXX0002 
SiIRIC(i=0 to 4 007216, 007416, O06B16, O06D16, OO6F16 =XXXXX0002 


Bit symbol 


Interrupt priority level 
select bit 
: Level 0 (interrupt disabled) 
: Level 1 
: Level 2 
: Level 3 
: Level 4 
: Level 5 
: Level 6 
: Level 7 


Interrupt request bit 0: Interrupt not requested Oo oO 
1: Interrupt requested ' (Note) 


Nothing is assigned. 
When write, set "0". When read, their contents are indeterminate. 


Note: This bit can only be accessed for reset (= 0), but cannot be accessed for set (= 1). 


Symbol Address When reset 
B76) “bb 0 Pe beso. 250 INTiIC(i=0 to5) 009E16, 007E16, 009C16, 007C16, 009A16, O0O7A16 ~XX00X0002 


Bit symbol 


Interrupt priority level 
select bit 


: Level 0 (interrupt disabled) 
: Level 1 (Note 2) 


: Level 2 
: Level 3 
: Level 4 
: Level 5 oo 


: Level 6 
: Level 7 


Interrupt request bit 0: Interrupt not requested 0:0 
1: Interrupt requested ‘(Note 1) 
POL Polarity select bit 0 : Selects falling edge or L level 
1 : Selects rising edge or H level 
LVS Level sense/edge 0 : Edge sense 
sense select bit 1:Levelsense (Note 3) 


Nothing is assigned. 
When write, set "0". When read, their contents are indeterminate. 


Note 1: This bit can only be accessed for reset (= 0), but cannot be accessed for set (= 1). 

Note 2: When INT3 to INT5 are used for data bus in microprocessor mode or memory 
expansion mode, set the interrupt disabled to INT3IC, INT4IC and INTS5IC. 

Note 3: When level sense is selected, set related bit of interrupt cause select register ( 
address 031F 16) to one edge. 


Figure 1.9.3. Interrupt control register 
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Address When reset 
O009F 16 XXXX00002 


Interrupt priority set bit for 
exiting Stop/Wait state 
(Note 1,2) 


: Level 0 
: Level 1 

: Level 2 
: Level 3 
: Level 4 
: Level 5 
: Level 6 
: Level 7 


High-speed interrupt 0: Interrupt priority level 7 = normal 
set bit (Note 3) interrupt 
1: Interrupt priority level 7 = high-speed 
interrupt 


Nothing is assigned. 
When write, set "0". When read, their contents are indeterminate. 


Note 1: Exits the Stop or Wait mode when the requested interrupt priority level is 
higher than that set in the exit priority register. 

Note 2: Set to the same value as the processor interrupt priority level (IPL) set in 
the flag register (FLG). 

Note 3: The high-speed interrupt can only be specified for interrupts with 
interrupt priority level 7. Specify interrupt priority level 7 for only one 
interrupt. 


Figure 1.9.4. Exit priority register 
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Interrupt Enable Flag (I Flag) 
The interrupt enable flag (I flag) is used to disable/enable maskable interrupts. When this flag is set 
(= 1), all maskable interrupts are enabled; when the flag is cleared to 0, they are disabled. This flag 
is automatically cleared to 0 after a reset is cleared. 


Interrupt Request Bit 
This bit is set (= 1) by hardware when an interrupt request is generated. The bit is cleared to 0 by 
hardware when the interrupt request is acknowledged and jump to the interrupt vector. 
This bit can be cleared to 0 (but cannot be set to 1) in software. 


Interrupt Priority Level Select Bit and Processor Interrupt Priority Level (IPL) 

Interrupt priority levels are set by the interrupt priority select bit in an interrupt control register. When 
an interrupt request is generated, the interrupt priority level of this interrupt is compared with the 
processor interrupt priority level (IPL). This interrupt is enabled only when its interrupt priority level is 
greater than the processor interrupt priority level (IPL). This means that you can disable any particu- 
lar interrupt by setting its interrupt priority level to 0. 

Table 1.9.4 shows how interrupt priority levels are set. Table 1.9.5 shows interrupt enable levels in 
relation to the processor interrupt priority level (IPL). 


The following lists the conditions under which an interrupt request is acknowledged: 


¢ Interrupt enable flag (I flag) = 1 
¢ Interrupt request bit = 1 
¢ Interrupt priority level > Processor interrupt priority level (IPL) 


The interrupt enable flag (I flag), interrupt request bit, interrupt priority level select bit, and the proces- 
sor interrupt priority level (IPL) all are independent of each other, so they do not affect any other bit. 


Table 1.9.4 Interrupt Priority Levels Table 1.9.5 IPL and Interrupt Enable Levels 


Interrupt priority i ' ey iayal Priority Processor interrupt Enabled interrupt priority 
level select bit nena PHeuiiceve = priority level (IPL) levels 
Level 0 (interrupt disabled) "Ooo. | Interrup 1 and above are enabled 
Eo Interrupt levels 2 and above are enab 
Interrupt levels 4 and above are enab 
= evels 5 and above are enab 
In 


High = — ee 


0 
0 4 Interrupt levels 3 and above are enab 
1 
1 
1 


62 ¢ MITSUBISHI 
ELECTRIC 


Mitsubishi microcomputers 


M16C/80 (100-pin version) group 
Interrupts SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


Rewrite the interrupt control register 
When a instruction to rewrite the interrupt control register is executed but the interrupt is disabled, the 
interrupt request bit is not set sometimes even if the interrupt request for that register has been gen- 
erated. This will depend on the instruction. If this creates problems, use the below instructions to 
change the register. 
Instructions : AND, OR, BCLR, BSET 


Interrupt Sequence 


An interrupt sequence — what are performed over a period from the instant an interrupt is accepted to the 

instant the interrupt routine is executed — is described here. 

If an interrupt occurs during execution of an instruction, the processor determines its priority when the 

execution of the instruction is completed, and transfers control to the interrupt sequence from the next 

cycle. If an interrupt occurs during execution of either the SCMPU, SIN, SMOVB, SMOVF, SMOVU, 

SSTR, SOUT or RMPA instruction, the processor temporarily suspends the instruction being executed, 

and transfers control to the interrupt sequence. 

In the interrupt sequence, the processor carries out the following in sequence given: 

(1) CPU gets the interrupt information (the interrupt number and interrupt request level) by reading 
address 00000016 (address 00000216 when high-speed interrupt). After this, the related interrupt 
request bit is "0". 

(2) Saves the content of the flag register (FLG) as it was immediately before the start of interrupt se- 
quence in the temporary register (Note) within the CPU. 

(3) Sets the interrupt enable flag (| flag), the debug flag (D flag), and the stack pointer select flag (U flag) 
to “0” (the U flag, however does not change if the INT instruction, in software interrupt numbers 32 
through 63, is executed) 

(4) Saves the content of the temporary register (Note 1) within the CPU in the stack area. Saves in the 
flag save register (SVF) in high-speed interrupt. 

(5) Saves the content of the program counter (PC) in the stack area. Saves in the PC save register 
(SVP) in high-speed interrupt. 

(6) Sets the interrupt priority level of the accepted instruction in the IPL. 

After the interrupt sequence is completed, the processor resumes executing instructions from the first 

address of the interrupt routine. 

Note: This register cannot be utilized by the user. 


Interrupt Response Time 
‘Interrupt response time’ is the period between the instant an interrupt occurs and the instant the first 
instruction within the interrupt routine has been executed. This time comprises the period from the 
occurrence of an interrupt to the completion of the instruction under execution at that moment (a) and the 
time required for executing the interrupt sequence (b). Figure 1.9.5 shows the interrupt response time. 


¢ MITSUBISHI 63 
ELECTRIC 


Mitsubishi microcomputers 


M16C/80 (100-pin version) group 


Interrupts SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


Interrupt request generated Interrupt request acknowledged 


Instruction in interrupt 
| 
Instruction nterrupt sequence POLBre 


Interrupt response time 


(a) The period from the occurrence of an interrupt to the completion of the instruction under execution. 
(b) The time required for executing the interrupt sequence. 


Figure 1.9.5 Interrupt response time 


Time (a) varies with each instruction being executed. The DIVX instruction requires a maximum time that 
consists of 29* cycles. 
Time (b) is shown in table 1.9.6. 


* It is when the divisor is immediate or register. When the divisor is memory, the following value is 


added. 
¢ Normal addressing :24+X 
« Index addressing :34+X 
¢ Indirect addressing :54+X+2Y 
¢ Indirect index addressing :54+X+2Y 


X is number of wait of the divisor area. Y is number of wait of the indirect address stored area. 
When X and Y are in odd address or in 8 bits bus area, double the value of X and Y. 
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Mitsubishi microcomputers 


M16C/80 (100-pin version) group 
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


16 bits data bus | 8 bits data bus 


Peripheral I/O 


Even address 
Odd address (Note 1) 


14 cycles 16 cycles 


16 cycles 16 cycles 


INT instruction 


Even address 
Odd address (Note 1) 


12 cycles 14 cycles 


14 cycles 14 cycles 


NMI 

Watchdog timer 
Undefined instruction 
Address match 


Even address (Note 2) 


13 cycles 15 cycles 


Overflow 


Even address (Note 2) 


14 cycles 16 cycles 


BRK instruction (Variable vector table) 


Even address 
Odd address (Note 1) 


17 cycles 19 cycles 


19 cycles 19 cycles 


Single step 
BRk2 instruction 
BRK instruction (Fixed vector table) 


Even address (Note 2) 


19 cycles 21 cycles 


High-speed interrupt (Note 3) 


Vector table is internal 
register 


5 cycles 


Note 1: Allocate interrupt vector addresses in even addresses as must as possible. 
Note 2: The vector table is fixed to even address. 
Note 3: The high-speed interrupt is independent of these conditions. 


Changes of IPL When Interrupt Request Acknowledged 
When an interrupt request is acknowledged, the interrupt priority level of the acknowledged interrupt is 
set to the processor interrupt priority level (IPL). 
If an interrupt request is acknowledged that does not have an interrupt priority level, the value shown in 


Table 1.9.7 is set to the IPL. 


Table 1.9.7 Relationship between Interrupts without Interrupt Priority Levels and IPL 


Interrupt sources without interrupt priority levels Value that is set to IPL 


Watchdog timer, NMI 


7 


Reset 


0 


Other 
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Not changed 


65 


Interrupts 


Mitsubishi microcomputers 


M16C/80 (100-pin version) group 
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


66 


Saving Registers 


In an interrupt Sequence, only the contents of the flag register (FLG) and program counter (PC) are 
saved to the stack area. 

The order in which these contents are saved is as follows: First, the FLG register is saved to the stack 
area. Next, the 16 high-order bits and 16 low-order bits of the program counter expanded to 32-bit are 
saved. Figure 1.9.6 shows the stack status before an interrupt request is acknowledged and the stack 
status after an interrupt request is acknowledged. 

In a high-speed interrupt sequence, the contents of the flag register (FLG) is saved to the flag save 
register (SVF) and program counter (PC) is saved to PC save register (SVP). 

If there are any other registers you want to be saved, save them in software at the beginning of the 
interrupt routine. The PUSHM instruction allows you to save all registers except the stack pointer (SP) 
by a single instruction. 

The execution speed is improved when register bank 1 is used with high speed interrupt register selected 
by not saving registers to the stack but to the switching register bank. In this case, switch register bank 
mode for high-speed interrupt routine. 


Stack area Stack area 


Address 


Address 
MSB MSB 


Program counter 
(PC1) 


<—— 
[SP] 
New stack 


Program counter 
(PC 


M) pointer value 


Program counter 
(PCu) 


0 
Flag register 
(FLG) 


Flag a 
FL 
ISP] (FLGu) 
Stack pointer 


value before 
interrupt occurs 


Content of 
previous stack 


Content of 
previous stack 


Content of 
previous stack 


Content of 
previous stack 


Stack status before interrupt request is acknowledged Stack status after interrupt request is acknowledged 


Figure 1.9.6 Stack status before and after an interrupt request is acknowledged 


¢ MITSUBISHI 
ELECTRIC 


Mitsubishi microcomputers 


M16C/80 (100-pin version) group 


Interrupts SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


Return from Interrupt Routine 
As you execute the REIT instruction at the end of the interrupt routine, the contents of the flag register 
(FLG) and program counter (PC) that have been saved to the stack area immediately preceding the 
interrupt sequence are automatically restored. In high-speed interrupt, as you execute the FREIT instruc- 
tion at the end of the interrupt routine, the contents of the flag register (FLG) and program counter (PC) 
that have been saved to the save registers immediately preceding the interrupt sequence are automati- 
cally restored. 
Then control returns to the routine that was under execution before the interrupt request was acknowl- 
edged, and processing is resumed from where control left off. 
If there are any registers you saved via software in the interrupt routine, be sure to restore them using an 
instruction (e.g., POPM instruction) before executing the REIT or FREIT instruction. 
When switching the register bank before executing REIT and FREIT instruction, switched to the register 
bank immediately before the interrupt sequence. 


Interrupt Priority 
If two or more interrupt requests are sampled active at the same time, whichever interrupt request is 
acknowledged that has the highest priority. 
Maskable interrupts (Peripheral I/O interrupts) can be assigned any desired priority by setting the inter- 
rupt priority level select bit accordingly. If some maskable interrupts are assigned the same priority level, 
the interrupt that a request came to most in the first place is accepted at first, and then, the priority 
between these interrupts is resolved by the priority that is set in hardware. 
Certain nonmaskable interrupts such as a reset (reset is given the highest priority) and watchdog timer 
interrupt have their priority levels set in hardware. Figure 1.9.7 lists the hardware priority levels of these 
interrupts. 
Software interrupts are not subjected to interrupt priority. They always cause control to branch to an 
interrupt routine whenever the relevant instruction is executed. 


Interrupt Resolution Circuit 


Interrupt resolution circuit selects the highest priority interrupt when two or more interrupt requests are 
sampled active at the same time. 
Figure 1.9.8 shows the interrupt resolution circuit. 


Reset > NMI > Watchdog > Peripheral I/O > Single step > Address match 


Figure 1.9.7. Interrupt priority that is set in hardware 
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Timer A1 


aor eee H | UART2 reception/ACK ‘Be, 


Timer AO 


= UARTS transmission/NACK 
imer A3 H 


| TimerA4 | UARTS reception/ACK 


UARTO transmission : |_UART4 transmission/NACK _ [7 


UARTO reception : UART4 reception/ACK : 
———________ : Bus collision/start, stop ‘ 


UART1 transmission r condition(UART2) 


Bus collision/start, stop 


UART1 reception : ' condition/fault error (UART3) 


= ' ' Bus collision/start, stop 
imer BO : | condition/ault error (UART4) 


A-D conversion 


Timer B1 


Timer B2 


Timer B3 


Interrupt 
request 
accepted. 
To CLK 


Processor interrupt priority level 


Interrupt enable flag (I flag) 


Interrupt 
request 
accepted. 
To CPU 


Priority of peripheral I/O interrupts 
(if priority levels are same) 


Figure 1.9.8. Interrupt resolution circuit 
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INT Interrupts 


INTO to INT5 are external input interrupts. The level sense/edge sense switching bits of the interrupt control 
register select the input signal level and edge at which the interrupt can be set to occur on input signal level 
and input signal edge. The polarity bit selects the polarity. 

With the external interrupt input edge sense, the interrupt can be set to occur on both rising and falling 
edges by setting the INTi interrupt polarity switch bit of the interrupt request select register (address 
031F 16) to “1”. When you select both edges, set the polarity switch bit of the corresponding interrupt control 
register to the falling edge (“0”). 

When you select level sense, the INTi interrupt polarity switch bit of the interrupt request select register 
(address 031F 16) to “O”. 

Figure 1.9.9 shows the interrupt request select register. 


Interrupt request cause select register 


b7 b6 bS b4 b3 b2 bi bO 


Symbol Address When reset 
IFSR 031Fi6 XX0000002 


: IFSRO INTO interrupt polarity 0 : One edge 
swiching bit (Note) 1 : Two edges 

IFSR1 INT1 interrupt polarity 0 : One edge 
swiching bit (Note) Two edges 


1 
IFSR2 INT2 interrupt polarity 0 : One edge 
swiching bit (Note) 1 : Two edges 
IFSR3 INTS interrupt polarity 0 : One edge 
swiching bit (Note) 1 : Two edges 
IFSR4 INT4 interrupt polarity 0 : One edge 
swiching bit (Note) 1 : Two edges 


IFSR5 INT5 interrupt polarity 0 : One edge 
swiching bit (Note) 1 : Two edges 


Nothing is assigned. 
When write, set "0". When read, their contents are indeterminate. 


Note :When level sense is selected, set this bit to "0". 


Figure 1.9.9 Interrupt request cause select register 
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NMI Interrupt 
An NMI interrupt is generated when the input to the P85/NMI pin changes from “H” to “L”. The NMI interrupt 
is anon-maskable external interrupt. The pin level can be checked in the port P85 register (bit 5 at address 
03C416). 
This pin cannot be used as a normal port input. 
Notes: 
When not intending to use the NMI function, be sure to connect the NMI pin to Vcc (pulled-up). The NMI 
interrupt is non-maskable. Because it cannot be disabled, the pin must be pulled up. 


Key Input Interrupt 

If the direction register of any of P104 to P107 is set for input and a falling edge is input to that port, a key 
input interrupt is generated. A key input interrupt can also be used as a key-on wakeup function for cancel- 
ling the wait mode or stop mode. However, if you intend to use the key input interrupt, do not use P104 to 
P107 as A-D input ports. Figure 1.9.10 shows the block diagram of the key input interrupt. Note that if an “L” 
level is input to any pin that has not been disabled for input, inputs to the other pins are not detected as an 
interrupt. 

Setting the key input interrupt disable bit (bit 7 at address O3AF 16) to “1” disables key input interrupts from 
occurring regardless of the setting in the interrupt control register. When “1” is set in the key input interrupt 
disable register, there is no input via the port pin even when the direction register is set to input. 


Port P104-P107 pull-up 
[select bit 
Pull-up Key input interrupt control register | (address 009316) 
transistor Port P107 direction 
register 


Port P107 direction register 


P107/KI3 


Pull-up Port P106 direction 
transistor register 


Pull-up 


transistor Port P105 direction 


register 


P105/KI1. O. T 


Pull-up 


register 


transistor 
P1o4/Kio. O—1 —f 


| Port P104 direction 


Figure 1.9.10. Block diagram of key input interrupt 
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Address Match Interrupt 
An address match interrupt is generated when the address match interrupt address register contents match 
the program counter value. Four address match interrupts can be set, each of which can be enabled and 
disabled by an address match interrupt enable bit. Address match interrupts are not affected by the inter- 
rupt enable flag (I flag) and processor interrupt priority level (IPL). 
Figure 1.9.11 shows the address match interrupt-related registers. 
Set the start address of an instruction to the address match interrupt register. 
Address match interrupt is not generated when address such as the middle of instruction or table data is 
set. 


Address match interrupt enable register 


ES Symbol Address When reset 
AIER 000916 XXXXXX002 


AIERO | Address match interrupt 0 | Q : Interrupt disabled 
enable bit | 4 : Interrupt enabled 
AIER1  |Address match interrupt 1 | Q : Interrupt disabled 
enable bit | 1 : Interrupt enabled 
AIER2  |Address match interrupt 2 | Q : Interrupt disabled 
enable bit | 4 : Interrupt enabled 
AIER3 Address match interrupt 3 | 0 : Interrupt disabled 
enable bit | 1 : Interrupt enabled 


Nothing is assigned. sina! 
When write, set "0". When read, their contents are indeterminate. 


Address match interrupt register i (i = 0, 1) 


Address When reset 
eee ay 001216 to 001016 00000016 
001616 to 001416 00000016 
001A16 to 001816 00000016 
001E16 to 001Ci16 00000016 


Address setting register for address match 00000016 to FFFFFF16 
interrupt 


Figure 1.9.11. Address match interrupt-related registers 
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Precautions for Interrupts 
(1) Reading addresses 00000016 and 00000216 


* When maskable interrupt is occurred, CPU read the interrupt information (the interrupt number and 
interrupt request level) in the interrupt sequence from address 00000016. When high-speed interrupt 
is occurred, CPU read from address 00000216. 

The interrupt request bit of the certain interrupt will then be set to “O”. 
However, reading addresses 00000016 and 00000216 by software does not set request bit to “O”. 


(2) Setting the stack pointer 

¢ The value of the stack pointer immediately after reset is initialized to 00000016. Accepting an interrupt 
before setting a value in the stack pointer may become a factor of runaway. Be sure to set a value in 
the stack pointer before accepting an interrupt. When using the NMI interrupt, initialize the stack point 
at the beginning of a program. Any interrupt including the NMI interrupt is generated immediately after 
executing the first instruction after reset. Set an even number to the stack pointer. When an even 
number is set, execution efficiency is increased. 
Set an even address to the stack pointer so that operating efficiency is increased. 


(3) The NMI interrupt 

* As for the NMI interrupt pin, an interrupt cannot be disabled. Connect it to the Vcc pin via a resistance 
(pull-up) if unused. Be sure to work on it. 

* The NMI pin also serves as P85, which is exclusively input. Reading the contents of the P8 register 
allows reading the pin value. Use the reading of this pin only for establishing the pin level at the time 
when the NMI interrupt is input. 

* Signal of "L" level width more than 1 clock of CPU operation clock (BCLK) is necessary for NMI pin. 


(4) External interrupt 


« Edge sense 
Either an “L” level or an “H” level of at least 250 ns width is necessary for the signal input to pins INTo 
to INT5 regardless of the CPU operation clock. 

* Level sense 
Either an “L” level or an “H” level of 1 cycle of BCLK + at least 200 ns width is necessary for the signal 
input to pins INTo to INT5 regardless of the CPU operation clock. (When XIN=20MHz and no division 
mode, at least 250 ns width is necessary.) 

¢ When the polarity of the INTo to INT5 pins is changed, the interrupt request bit is sometimes set to "1". 
After changing the polarity, set the interrupt request bit to "0". Figure 1.9.12 shows the procedure for 
changing the INT interrupt generate factor. 


(5) Rewrite the interrupt control register 
¢ When a instruction to rewrite the interrupt control register is executed but the interrupt is disabled, the 
interrupt request bit is not set sometimes even if the interrupt request for that register has been gener- 
ated. This will depend on the instruction. If this creates problems, use the below instructions to change 
the register. 
Instructions : AND, OR, BCLR, BSET 
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Set the interrupt priority level to level 0 
(Disable INTi interrupt) 


Set the polarity select bit 


Clear the interrupt request bit to “O” 


Set the interrupt priority level to level 1 to 7 
(Enable the accepting of INTi interrupt request) 


Figure 1.9.12. Switching condition of INT interrupt request 


(6) Address match interrupt 

Do not set the following addresses to the address match interrupt register. 

1. The start address of an interrupt instruction. 

2. Address of an instruction to clear an interrupt request bit of an interrupt control register or any of the 
next 7 instructions addresses immediately after an instruction to rewrite an interrupt priority level to a 
smaller value. 

3. Any of the next 3 instructions addresses immediately after an instruction to set the interrupt enable 
flag (I flag). 

4. Any of the next 3 instructions addresses immediately after an instruction to rewrite a processor inter- 
rupt priority level (IPL) to a smaller value. 


Example 1) 
Interrupt_A: ; Interrupt A routine 
pushm R0,R1,R2,R3,A0,A1_ ; <---- Do not set address match interrupt to the 
cove start address of an interrupt instruction 
Example 2) 
mov.b #0,TAOIC ;Change TAO interrupt priority level to a smaller value 
nop > 1st instruction ) 
nop ; 2nd instruction 
OOP  srouneiucton Do not set address match interrupt 
nop ; 4th instruction > quring this period 
nop ; 5th instruction 
nop ; 6th instruction 
nop ; 7th instruction 
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Interrupts 
Example 3) 
fset | ; Set | flag ( interrupt enabled) 
nop ; 1st instruction 
ond instruct Do not set address match interrupt 
ne pene eet during this period 
nop ; 3rd instruction | 
Example 4) 
Idipl #0 ; Rewrite IPL to a smaller value 
nop ; 1st instruction 
= onl ieerGe Do not set address match interrupt 
lo pe eee | during this period 
nop ; 3rd instruction } 
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Watchdog Timer 

The watchdog timer has the function of detecting when the program is out of control. The watchdog timer is 
a 15-bit counter which down-counts the clock derived by dividing the BCLK using the prescaler. Whether a 
watchdog timer interrupt is generated or reset is selected when an underflow occurs in the watchdog timer. 
Watchdog timer interrupt is selected when bit 6 of the system control register 0 (address 000816 :CMO06) is 
"0" and reset is selected when CMO6 is "1". No value other than "1" can be written in CM06. Once when 
reset is selected (CMO6="1"), watchdog timer interrupt cannot be selected by software. 

When XIN is selected for the BCLK, bit 7 of the watchdog timer control register (address OOOF 16) selects the 
prescaler division ratio (by 16 or by 128). When XCIN is selected as the BCLK, the prescaler is set for 
division by 2 regardless of bit 7 of the watchdog timer control register (address OOOF 16). Therefore, the 
watchdog timer cycle can be calculated as follows. However, errors can arise in the watchdog timer cycle 
due to the prescaler. 


When XIN is selected in BCLK 


Prescaler division ratio (16 or 128) x watchdog timer count (82768) 


Watchdog timer cycle = 
BCLK 


When XCIN is selected in BCLK 
Prescaler division ratio (2) x watchdog timer count (82768) 
BCLK 


Watchdog timer cycle = 


For example, when BCLK is 20MHz and the prescaler division ratio is set to 16, the monitor timer cycle is 
approximately 26.2 ms. 


The watchdog timer is initialized by writing to the watchdog timer start register (address OO0E16) and when 
a watchdog timer interrupt request is generated. The prescaler is initialized only when the microcomputer is 
reset. After a reset is cancelled, the watchdog timer and prescaler are both stopped. The count is started by 
writing to the watchdog timer start register (address 000E16). CMO6 is initialized only at reset. After reset, 
watchdog timer interrupt is selected. 

Figure 1.10.1 shows the block diagram of the watchdog timer. Figure 1.10.2 shows the watchdog timer- 
related registers. 


Prescaler 


"CMO06=0" 

Watchdog timer 

interrupt request 
O—> 


Watchdog timer 


Write to the watchdog timer 
start register Set to 
(address 000E16) “7EFF 16” 


RESET 


Figure 1.10.1. Block diagram of watchdog timer 
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Watchdog timer control register 
b7 b6 b5 b4 b3 b2 bi b0 


Tofo] TL ET) 6 woe “SOORIS — OOOXXXXXe 


High-order bit of watchdog timer oO'!x 


Must always be set to “0” O10 


0 : Divided by 16 
1: Divided by 128 


Symbol Address When reset 
WDTS OOOE16 Indeterminate 


The watchdog timer is initialized and starts counting after a write instruction to 
this register. The watchdog timer value is always initialized to “7FFF16” 
regardless of whatever value is written. 


System clock control register 0 (Note 1) 
se ta a I ISRO Symbol Address When reset 
CMO 000616 0816 


Clock output function :/O port P53 jo 


select bit (Note 2) : fc output (Note 3) 


1 0: fg output (Note 3) 
1 1 : f32 output (Note 3) 


CMo2 WAIT peripheral function Le Do not stop f1, fs, f32 in wait mode 
clock stop bit : Stop ft, f8, f32 in wait mode 
CMo03 XCIN-XCOUT drive capacity - LOW 
select bit (Note 4) : HIGH 
Port Xc select bit . ie) port 
Main clock (XIN-XOUT) i On 
stop bit ce 5, 6) : Off (Note 7) 
CMo6 Watchdog timer function i. Waichdog timer interrupt 
select bit : Reset (Note 8) 


System clock select bit 0 : XIN, XOUT 
CM07 (Note 9) 1: XCIN, XCOUT 


: Set bit 0 of the protect register (address 000A16) to “1” before writing to this register. 

: When outputting BCLK (bit 7 of processor mode register 0 is "0"), set these bits to "00". When 
outputting ALE to P53 (bit 5 and 4 of processor mode register 0 is "01"), set these bits to "00". The 
port P53 function is not selected even when you set "00" in microprocessor or memory expansion 
mode and bit 7 of the processor mode register 0 is "1". 

: When selecting fc, fs or f32 in single chip mode, must use P57 as input port. 

: Changes to “1” when shifting to stop mode or reset. 

: When entering power saving mode, main clock stops using this bit. When returning from stop 
mode and operating with XIN, set this bit to “O”. 

: When this bit is "1", XOUT is "H". Also, the internal feedback resistance remains ON, so XIN is pulled 
up to XOUT ("H" level) via the feedback resistance. 

: When the main clock is stopped, the main clock division register (address 000C16) is set to the 
division by 8 mode. 

: When "1" has been set once, "0" cannot be written by software. 

: To set CM07 "1" from "0", first set CM04 to "1", and an oscillation of sub clock is stable. Then set 
CMO07. Do not set CM04 and CM07 simultaneously. Also, to set CMO7 "0" from "1", first set CM05 
to "1", and an oscillation of main clock is stable. Then set CMO7. 


Figure 1.10.2. Watchdog timer control and start registers 
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DMAC 


This microcomputer has four DMAC (direct memory access controller) channels that allow data to be sent 
to memory without using the CPU. DMAC is a function that to transmit 1 data of a source address (8 bits / 
16 bits) to a destination address when transmission request occurs. When using three or more DMAC 
channels, the register bank 1 register and high-speed interrupt register are used as DMAC registers. If you 
are using three or more DMAC channels, you cannot, therefore, use high-speed interrupts. The CPU and 
DMAC use the same data bus, but the DMAC has a higher bus access privilege than the CPU, and because 
of the use of cycle-steeling, operations are performed at high-speed from the occurrence of a transfer 
request until one word (16 bits) or 1 byte (8 bits) of data have been sent. Figure 1.11.1 shows the mapping 
of registers used by the DMAC. Table 1.11.1 shows DMAC specifications. Figures 1.11.2 to 1.11.5 show the 
structures of the registers used. 

As the registers shown in Figure 1.11.1 is allocated in CPU, use LDC instruction when writing. When writing 
to DCT2, DCT3, DRC2, DRC3, DMA2 and DMA3, set register bank select flag (B flag) to "1" and use MOV 
instruction to set RO to R3, AO and Ai registers. When writing to DSA2 and DSAS3, set register bank select 
flag (B flag) to "1" and use LDC instruction to set SB and FB registers. 


DMAC related register 


DMA mode register 
DMA transfer count register 


DMA transfer count reload register 


DMA memory address register 


>» DMA SFR address register 


( DMA memory address reload register 


J 


When using three or more DMAC register channels When using three or more DMAC channels 

The high-speed interrupt register is used as a DMAC The register bank is used as a DMAC register 

register 

DMA2 transfer count register | osvF | Flag save register 

DMAS transfer count register DRA2 (SVP) DMA2 memory address reload register 
DMA2 transfer count reload register DRA1 (VCT) DMA3 memory address reload register 
DMAS3 transfer count reload register 


DMA2 dd ist 
tre ore When using DMA2 and DMA3, use the CPU 


DMA3 memory address register registers shown in parentheses. 
DMA2 SFR address register 
DMAS3 SFR address register 


Figure 1.11.1. Register map using DMAC 


In addition to writing to the software DMA request bit to start DMAC transfer, the interrupt request signals 
output from the functions specified in the DMA request factor select bits are also used. However, in contrast 
to the interrupt requests, repeated DMA requests can be received, regardless of the interrupt flag. 

(Note, however, that the number of actual transfers may not match the number of transfer requests if the 
DMA request cycle is shorter than the DMR transfer cycle. For details, see the description of the DMAC 
request bit.) see the description of the DMAC request bit. 
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Table 1.11.1. DMAC specifications 


Item Specification 


No. of channels 


4 (cycle steal method) 


Transfer memory space 


« From any address in the 16 Mbytes space to a fixed address (16 
Mbytes space) 

¢ From a fixed address (16 Mbytes space) to any address in the 1 M 
bytes space 


Maximum No. of bytes transferred 


128 Kbytes (with 16-bit transfers) or 64 Kbytes (with 8-bit transfers) 


DMA request factors (Note) 


Falling edge of INTO to INT3 or both edge 

Timer AO to timer A4 interrupt requests 

Timer BO to timer B5 interrupt requests 

UARTO to UART4 transmission and reception interrupt requests 
A-D conversion interrupt requests 

Software triggers 


Channel priority 


DMAO > DMA1 > DMA2 > DMAS3 (DMAD is the first priority) 


Transfer unit 


8 bits or 16 bits 


Transfer address direction 


forward/fixed (forward direction cannot be specified for both source and 
destination simultaneously) 


Transfer mode 


* Single transfer 
Transfer ends when the transfer count register is "000016". 

* Repeat transfer 
When the transfer counter is "000016", the value in the transfer 
counter reload register is reloaded into the transfer counter and the 
DMA transfer is continued 


DMA interrupt request generation timing 


When the transfer counter register changes from "000116" to "000016". 


DMA startup 


* Single transfer 
Transfer starts when DMA transfer count register is more than 
"000116" and the DMA is requested after “O12” is written to the 
channel i transfer mode select bits 

« Repeat transfer 
Transfer starts when the DMA is requested after “112” is written to the 
channel i transfer mode select bits 


DMA shutdown 


* Single transfer 
When “002” is written to the channel i transfer mode select bits and 
DMA transfer count register becomes "000016" by DMA transfer or 
write 

* Repeat transfer 
When “002” is written to the channel i transfer mode select bits 


Reload timing 


When the transfer counter register changes from "0001 16" to "000016" in 
repeat transfer mode. 


Reading / writing the register 


Registers are always read/write enabled. 


Number of DMA transfer cycles 


Between SFR and internal RAM : 3 cycles 
Between external I/O and external memory : minimum 3 cycles 


Note: DMA transfer is not effective to any interrupt. 
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DMAi request cause select register (i = 0 to 3)(Note 1) 


b7_b6 b5 b4 b3 b2 bi b0 Symbol Address When reset 
DMiSL 037816 to 037B16 0xX0000002 


DMA request cause pipe Dep! ag fcaretiiagst 
A . i] 
DSELO Select ott : Falling edge of INTi pin (Note 3) 
(Note 2) : Two edges of INTi pin (Note 3) 
: Timer AO 
DSEL1 
DSEL2 


DSEL3 
DSEL4 
DSR 


: Timer A1 

: Timer A2 

: Timer A3 

: Timer A4 

: Timer BO 

: Timer B1 

: Timer B2 

: Timer B3 

: Timer B4 

: Timer B5 

: UARTO transmit 

: UARTO receive 

: UART1 transmit 

: UART1 receive 

: UART2 transmit 

: UART2 receive/ACK (Note 4) 
: UARTS transmit 

: UARTS receive/ACK (Note 4) 
: UART4 transmit 

: UART4 receive/ACK (Note 4) 
: A-D conversion 

to1111 1: Inhibit 


liana “Loko hohe eke noekokokooakoloawoa) 


Software DMA If software trigger is selected, a 

request bit (Note 5) DMA request is generated by 
setting this bit to “1” (When read, 
the value of this bit is always “O”) 


Nothing is assigned. 
When write, set "0". When read, the value of these bits is indeterminate. 


DMA request bit 0 : Not requested 
(Note 5,6) 1 : Requested 


Note 1: Please refer to DMAC precautions. 
Note 2: Set DMA inhibit before changing the DMA request cause. Set DRQ to "1" 
simultaneously. 
e.g.) MOV.B #083h, DMISL ;Settimer AQ 
Note 3: DMAO-INTO, DMA1-INT1, DMA2-INT2, and DMA3-INT3 correspond to DMAi and 
INTi. However, when INT3 pin becomes data bus in microprocessor mode, DMA3- 
INT3 cannot be used. 
Note 4: UARTi reception and ACK switching are effected using the UARTi special mode 
register and UARTIi special mode register 2. 
Note 5: When setting DSR to "1", set DRQ to "1" using OR instruction etc. simultaneously. 
e.g.)OR.B #0A0h, DMISL 
Note 6: Do not write "0" to this bit. There is no need to clear the DMA request bit. 


Figure 1.11.2. DMAC register (1) 
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DMA mode register 0 
(CPU internal register) 


b7 b6 b5 b4 b3 b2 bt b0 Symbol When reset 
DMDO 0016 


Channel 0 transfer 


mode select bit : DMA inhibit 


: Single transfer 
: Reserved 
: Repeat transfer 


Channel 0 transfer i. 8 bits 

unit select bit : 16 bits 

Channel 0 transfer a Fixed address to memory (forward direction) 
direction select bit : Memory (forward direction) to fixed address 


MD10. | Channel 1 transfer | ®°>4 ahs 
mode select bit 0.0) BMA innintt 


1 : Single transfer 
MD11 te Reserved 
: Repeat transfer 


Channel 1 transfer o 8 bits 

unit select bit : 16 bits 

Channel 1 transfer : Fixed address to memory (forward direction) | 4 O 
direction select bit | 1 : Memory (forward direction) to fixed address 


DMA mode register 1 
(CPU internal register) 


b7 b6 b5 b4 b8 b2 bi b0 Symbol When reset 
DMD1 0016 


Channel 2 transfer a 
mode select bit : DMA inhibit 
: Single transfer 


0: Reserved 
: Repeat transfer 
Channel 2 transfer s 8 bits 
unit select bit : 16 bits 
Channel 2 transfer . Fixed address to memory (forward direction) 
direction select bit : Memory (forward direction) to fixed address 


Channel 3 transfer 


mode select bit : DMA inhibit 
: Single transfer 


: Reserved 
: Repeat transfer 


Channel 3 transfer i 8 bits 

unit select bit : 16 bits 

Channel 3 transfer - Fixed address to memory (forward direction) | 9 O 
direction select bit : Memory (forward direction) to fixed address 


Figure 1.11.3. DMAC register (2) 
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DMAi transfer count register (i = 0 to 3) a — 
j j ymbo ress 
(CPU internal register) Fern XXXXi6 
ae DCT1 XXXX16 
DCT2 (bank 1 RO) (Note 1) 000016 
DCT3 (bank 1 R1) (Note 1) 000016 


5 Transfer count 
¢ Transfer counter 


Set transfer number 000016 to FFFF16 


Note 1: When setting DCT2 and DCT3, set "1" to the register bank select 
flag (B flag) of flag register (FLG), and set desired value to RO and 
R1 of register bank 1. 


Note 2: When "0" is set to this register, data transfer is not done even if DMA 
is requested. 


DMAi transfer count reload register (i = 0 to 3) ; 
(CPU internal register) SH on 
DRC1 XXXXi6 
= DRC2 (bank 1 R2) (Note 1) 000016 
DRC3 (bank 1 R3) (Note 1) 000016 


; Transfer count ! 


¢ Transfer count register reload value 000016 to FEFFie 
Set transfer number 
Note: When setting DRC2 and DRC3, set "1" to the register bank select flag 
(B flag) of flag register (FLG), and set desired value to R2 and R3 of 
register bank 1. 


Figure 1.11.4. DMAC register (3) 
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DMAi memory address register (i = 0, 1) 


: . Symbol Address 
(CPU internal register) DMAO XXXXXX16 


DMA1 XXXXXX16 
DMA2 (bank 1 AO) (Note 1) 00000016 
DMAS (bank 1 A1) (Note 1) 00000016 


- Transfer count I 


* Memory address (Note 2) 00000016 to FFFFFF16 
Set source or destination memory address (16 Mbytes area) 


Note 1: When setting DMA2 and DMA3, set "1" to the register bank select flag (B flag) of 
flag register (FLG), and set desired value to AO and A1 of register bank 1. 

Note 2: When the transfer direction select bit is "0" (fixed address to memory), this register 
is destination memory address. 
When the transfer direction select bit is "1" (memory to fixed address), this register 
is Source memory address. 


DMAi SFR address register (i = 0 to 3) 


; : Symbol Address 
(CPU internal register) DSAO XXXXXX16 


DSA1 XXXXXX16 
DSA2 (bank 1 SB) (Note 1) 00000016 
DSAS3 (bank 1 FB) (Note 1) 00000016 


Transfer count 


Function specification 


R'W 


* SFR address (Note 2) 00000016 to FFFFFF16 
Set source or destination fixed address (16 Mbytes area) 


010 


Note 1: When setting DSA2, set "1" to the register bank select flag (B flag) of flag register 
(FLG), and set desired value to SB of register bank 1. 
When setting DSA3, set "1" to the register bank select flag (B flag) of flag register 
(FLG), and set desired value to FB of register bank 1. 

Note 2: When the transfer direction select bit is "0" (fixed address to memory), this register 
is destination fixed address. 
When the transfer direction select bit is "1" (memory to fixed address), this register 
is source fixed address. 


DMAi memory address reload register (i = 0, 1) 


(CPU internal register) ae Pee 


DRAt XXXXXX16 
DRA2 (SVP) (Note) XXXXXX16 
DRAS (VCT) (Note) XXXXXX16 


, Transfer count ! 


+ Memory address register reload value 00000016 to FFFFFFi6 
Set source or destination memory address (16 Mbytes area) 


Note: When setting DRA2, set desired value to save PC register (SVP). 
When setting DRAG, set desired value to vector register (VCT). 


Figure 1.11.5. DMAC register (4) 
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(1) Transfer cycle 
The transfer cycle consists of the bus cycle in which data is read from memory or from the SFR area 
(source read) and the bus cycle in which the data is written to memory or to the SFR area (destination 
write). The number of read and write bus cycles depends on the source and destination addresses. In 
memory expansion mode and microprocessor mode, the number of read and write bus cycles also de- 
pends on the level of the BYTE pin. Also, the bus cycle itself is longer when software waits are inserted. 


(a) Effect of source and destination addresses 
When 16-bit data is transferred on a 16-bit data bus, and the source and destination both start at odd 
addresses, there are one more source read cycle and destination write cycle than when the source 
and destination both start at even addresses. 


(b) Effect of external data bus width control register 

When in memory expansion mode or microprocessor mode, the transfer cycle changes according to 

the data bus width at the source and destination. 

1. When transferring 16 bits of data and the data bus width at the source and at the destination is 8 
bits (data bus width bit = “O”), there are two 8-bit data transfers. Therefore, two bus cycles are 
required for reading and two cycles for writing. 

2. When transferring 16 bits of data and the data bus width at the source is 8 bits (data bus width bit 
= “0”) and the data bus width at the destination is 16 bits (data bus width bit = “1”), the data is read 
in two 8-bit blocks and written as 16-bit data. Therefore, two bus cycles are required for reading 
and one cycle for writing. 

3. When transferring 16 bits of data and the data bus width at the source is 16 bits (data bus width bit 
= “1”) and the data bus width at the destination is 8 bits (data bus width bit = “O”), 16 bits of data are 
read and written as two 8-bit blocks. Therefore, one bus cycle is required for reading and two 
cycles for writing. 


(c) Effect of software wait 
When the SFR area or a memory area with a software wait is accessed, the number of cycles is 
increased for the wait by 1 bus cycle. The length of the cycle is determined by BCLK. 


Figure 1.11.6 shows the example of the transfer cycles for a source read. Figure 1.11.6 shows the desti- 
nation is external area, the destination write cycle is shown as two cycle (one bus cycle) and the source 
read cycles for the different conditions. In reality, the destination write cycle is subject to the same condi- 
tions as the source read cycle, with the transfer cycle changing accordingly. When calculating the transfer 
cycle, remember to apply the respective conditions to both the destination write cycle and the source read 
cycle. For example (2) in Figure 1.11.6, if data is being transferred in 16-bit units on an 8-bit bus, two bus 
cycles are required for both the source read cycle and the destination write cycle. 
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(1) 8-bit transfers 
16-bit transfers from even address and the source address is even. 


« TLL LL 


Address 
bus 


Source Destination 


RD signal 


WR signal 
ie CPU use X Source X Destination )X CPU use 


(2) 16-bit transfers and the source address is odd 
Transferring 16-bit data on an 8-bit data bus (In this case, there are also two destination write cycles). 


a i | | | |_| 


Address 
bus CPU use , Source Xsource + xX Destination , 


RD signal 


WR signal 


Data 


Bis CPU use Source \Source + 1 Destination CPU use 


(3) One wait is inserted into the source read under the conditions in (1) 


ex [LI LILI LILI LI UW UU 
oe CPU use X Source X Destination X CPU use 


RD signal 


WR signal 
Data — 
bus CPU use x Source X Destination x 


(4) One wait is inserted into the source read under the conditions in (2) 
(When 16-bit data is transferred on an 8-bit data bus, there are two destination write cycles). 


ms | | | LJ LI LI 


Address 
bus 


CPU use Source Source + 1 Destination CPU use 


RD signal 


WR signal 
Data x i 
bus CPU use X Source X Source + 1 Destination CPU use 


Note: The same timing changes occur with the respective conditions at the destination as at the source. 


Figure 1.11.6. Example of the transfer cycles for a source read 
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(2) DMAC transfer cycles 
Any combination of even or odd transfer read and write addresses is possible. Table 1.11.2 shows the 
number of DMAC transfer cycles. 
The number of DMAC transfer cycles can be calculated as follows: 


No. of transfer cycles per transfer unit = No. of read cycles x j + No. of write cycles x k 


Table 1.11.2. No. of DMAC transfer cycles 


Transfer unit Bus width |Access address single-chip mods Se oe 
No. of read | No. of write | No. of read | No. of write 
cycles cycles cycles cycles 

16-bit Even 1 1 1 1 
8-bit transfers (DSi = “1”) Odd 1 1 1 1 
(BWi = “O”) 8-bit Even — — 1 1 
(DSi = “O”) Odd — — 1 1 
16-bit Even 1 1 1 1 
16-bit transfers (DSi = “1”) Odd 2 2 2 2 
(BWi = “1”) 8-bit Even — — 2 2 
(DSi = “O”) Odd — — 2 2 


Coefficient j, k 
Coefficient j Coefficient k 
Internal memory | Internal ROM/RAM No wait 
Internal ROM/RAM With wait 
External memory | SFR area 
Separate bus No wait 
Separate bus One wait 
Separate bus Two wait 
Separate bus Three wait 
Multiplex bus 


DMA Request Bit 
The DMAC can issue DMA requests using preselected DMA request factors for each channel as trig- 
gers. 
The DMA transfer request factors include the reception of DMA request signals from the internal periph- 
eral functions, software DMA factors generated by the program, and external factors using input from 
external interrupt signals. 


See the description of the DMAi factor selection register for details of how to select DMA request factors. 
DMA requests are received as DMA requests when the DMAi request bit is set to “1” and the channel i 
transfer mode select bits are “O1” or “11”. Therefore, even if the DMAi request bit is “1”, no DMA request 
is received if the channel i transfer mode select bit is “OO”. In this case, DMAi request bit is cleared. 
Because the channel i transfer mode select bits default to “OO” after a reset, remember to set the channel 
i transfer mode select bit for the channel to be activated after setting the DMAC related registers. This 
enables receipt of the DMA requests for that channel, and DMA transfers are then performed when the 
DMAi request bit is set. 

The following describes when the DMAi request bit is set and cleared. 
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(1) Internal factors 
The DMAi request flag is set to “1” in response to internal factors at the same time as the interrupt 
request bit of the interrupt control register for each factor is set. This is because, except for software 
trigger DMA factors, they use the interrupt request signals output by each function. 
The DMAi request bit is cleared to "0" when the DMA transfer starts or the DMA transfer is in disable 
state (channel i transfer mode select bits are "00" and the DMAi transfer count register is "0"). 


(2) External factors 

These are DMA request factors that are generated by the input edge from the INTi pin (where i indi- 
cates the DMAC channel). When the INTi pin is selected by the DMAi request factor select bit as an 
external factor, the inputs from these pins become the DMA request signals. 

When an external factor is selected, the DMAi request bit is set, according to the function specified in the 
DMA request factor select bit, on either the falling edge of the signal input via the INTi pins, or both edges. 
When an external factor is selected, the DMAi request bit is cleared, in the same way as the DMAi 
request bit is cleared for internal factors, when the DMA transfer starts or the DMA transfer is in 
disable state. 


(3) Relationship between external factor request input and DMAi request flag, and DMA transfer timing 
When the request inputs to DMAi occur in the same sampling cycle (between the falling edge of BCLK 
and the next falling edge), the DMAi request bits are set simultaneously, but if the DMAi enable bits 
are all set, DMAO takes priority and the transfer starts. When one transfer unit is complete, the bus 
privilege is returned to the CPU. When the CPU has completed one bus access, DMA1 transfer starts, 
and, when one transfer unit is complete, the privilege is again returned to the CPU. 

The priority is as follows: DMAO > DMA1 > DMA2 > DMAS. 
Figure 1.11.7. DMA transfer example by external factors shows what happens when DMAO and DMA1 
requests occur in the same sampling cycle. 


In this example, DMA transfer request signals are input simultaneously from 
external factors and the DMA transfers are executed in the minimum cycles. 


BCLK 


DMAO 


DMA1 CUM, Bus 


| rf priviledge 


CPU Yih ! ! acquired 


INTO 


DMAO 
request bit 


INT1 


DMA1 
request bit 


Figure 1.11.7. DMA transfer example by external factors 
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Precautions for DMAC 

(1) Do not clear the DMA request bit of the DMAi request cause select register. 
In M16C/80, when a DMA request is generated while the channel is disabled (Note), the DMA transfer is 
not executed and the DMA request bit is cleared automatically. 
Note :The DMA is disabled or the transfer count register is "0". 

(2) When DMA transfer is done by a software trigger, set DSR and DRQ of the DMAi request cause select 
register to "1" simultaneously using the OR instruction. 

e.g.)OR.B #0A0h, DMISL ; DMiSL is DMAi request cause select register 

(3) When changing the DMAi request cause select bit of the DMAi request cause select register, set "1" to 
the DMA request bit, simultaneously. In this case, the corresponding DMA channel is set to disabled. At 
least 2 instructions are needed from the instruction to write to the DMAi request cause select bit to 
enable DMA. 


Example) When DMA request cause is changed to timer AO and using DMAO in single transfer after DMA 


initial setting 

push.w RO ; Store RO register 

stc DMDO, RO ; Read DMA mode register 0 

and.b #11111100b, ROL ; Clear DMAO transfer mode select bit to "00" 
Idc RO, DMDO ; DMAO disabled 


mov.b #1000001 1b, DMOSL ; Select timer AO 
; (Write "1" to DMA request bit simultaneously) 


mov.b ROL, ROL ; Dummy cycle } At least 2 instructions are 
or.b #00000001b, ROL ; Set DMAO single transfer needed until DMA enabled. 
Idc RO, DMDO ; DMAO enabled 

pop.w RO ; Restore RO register 
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Timer 
There are eleven 16-bit timers. These timers can be classified by function into timers A (five) and timers B 
(six). All these timers function independently. Figures 1.12.1 and 1.12.2 show the block diagram of timers. 


Clock prescaler 
XcIn C) 1/32 


I ’ Reset 
18 me Clock prescaler reset flag (bit 7 


|__ys fg2 at address 034116) set to “1” 


fi f8 £32 fc32 


* Timer mode 
* One-shot mode 
O. * PWM mode 


: —=o S Timer AO 
: 
filter * Event counter mode 


* Timer mode 
* One-shot mode 
* PWM mode 


S Timer A1 


Timer AO interrupt 


Timer A1 interrupt 


Noise 
filter 


W OO000 


* Event counter mode 


* Timer mode 

+ One-shot mode 
* PWM mode 
Timer A2 interrupt 
Timer A2 {—> 


W bode 


+ Event counter mode 


* Timer mode 

* One-shot mode 
* PWM mode 
Timer A interrupt 
Timer A3 —>- 


Noise 


filter « Event counter mode 


* Timer mode 
* One-shot mode 
O * PWM mode 


- @—o 0 Timer A4 
: 
filter + Event counter mode 


t 


Timer B2 overflow 


Timer A4 interrupt 


Figure 1.12.1. Timer A block diagram 
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Clock prescaler 


XcIN C) 1/32 


Reset 
is Clock prescaler reset flag (bit 7 


1/4 fg2 at address 034116) set to “1” 


f1 f8 f32 fc32 
Timer B2 overflow (to timer A count source) 


* Timer mode 
* Pulse width measuring mode 


* Event counter mode 


Timer BO interrupt 


* Timer mode 
» Pulse width measuring mode Timer B1 interrupt 


* Event counter mode 


+ Timer mode . . 
+ Pulse width measuring mode Timer B2 interrupt 


ae Timer B2 
ilter 


* Event counter mode 


* Timer mode 


e O * Pulse width measuring mode 
e—_o  _— Timer B3 interrupt 


* Event counter mode 


* Timer mode 
+ Pulse width measuring mode Timer B4 interrupt 


filter 


* Event counter mode 


* Timer mode 


e Oo Oo * Pulse width measuring mode Timer B65 interrupt 


Timer B5 
ilter 


* Event counter mode 


Figure 1.12.2. Timer B block diagram 
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Timer A 
Figure 1.13.1 shows the block diagram of timer A. Figures 1.13.2 to 1.13.4 show the timer A-related registers. 
Except in event counter mode, timers AO through A4 all have the same function. Use the timer Ai mode 
register (i = 0 to 4) bits 0 and 1 to choose the desired mode. 
Timer A has the four operation modes listed as follows: 
¢ Timer mode: The timer counts an internal count source. 
* Event counter mode: The timer counts pulses from an external source or a timer over flow. 
* One-shot timer mode: The timer stops counting when the count reaches “0000,, 
« Pulse width modulation (PWM) mode: The timer outputs pulses of a given width. 


Data bus high-order —— 
Clock source 


selection - Timer Data bus low-order ne 


f1 O : a Low-order High-order 
fg ——o 8 bits 8 bits 


py nen Reload register (16) 
uncti 
O 


* Event counter 


TAiIN Clock selection Up count/down count 
(i = 0 to 4) te: down count 2) 


in event counter mode 
(Address 034016) 


D t TAi Addresses TAj TAk 
—— O own count ——O ‘1 . i 
TB2 overflow Timer AO 034716 034616 TimerA4 Timer A1 


Timer A1 034916 034816 TimerAO Timer A2 
TAj overflow A cee Up/down flag O Timer A2 034Bie 034A16 Timer A1_ Timer A3 
a se . F Timer A3 034Die 034Cis TimerA2 Timer A4 
(j=i—1. Note, however, that j = 4 when i = 0) (Address 034416) Timer A4 034Fis 034Eis Timer A3_ Timer AO 


TAk overflow _————————O 
(k =i + 1. Note, however, that k = 0 when i = 4) 


TAiout Pulse output 
(i = 0 to 4) 
Toggle flip-flop 


Figure 1.13.1. Block diagram of timer A 


Timer Ai mode register 


Symbol Address When reset 
eee TAIMR(i=0 to 4) 035616 to 035A16 00000X002 


Bit symbol 


TMODO Operation mode select bit | 9 9. Timer mode 
01 : Event counter mode 


poccceeee 


TMOD1 1 0: One-shot timer mode 
1 1: Pulse width modulation 
(PWM) mode 
This bit is invalid in M16C/80 series. 
Port output control is set by the function select registers A and B. 


Figure 1.13.2. Timer A-related registers (1) 
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Timer Ai register (Note) 
Address When reset 
3) 034716,034616 Indeterminate 
034916,034816 Indeterminate 
034B16,034A16 Indeterminate 
034D16,034C16 Indeterminate 
034F16,034E16 Indeterminate 


Function Values that can be set 


* Timer mode 000016 to FFFF16 
Counts an internal count source 

* Event counter mode 000016 to FFFF16 
Counts pulses from an external source or timer overflow 


* One-shot timer mode 000016 to FFFF16 
Counts a one shot width Xx'O 


* Pulse width modulation mode (16-bit PWM) 
Functions as a 16-bit pulse width modulator 


* Pulse width modulation mode (8-bit PWM) 0016 to FE16 
Timer low-order address functions as an 8-bit (Both high-order 
prescaler and high-order address functions as an 8-bit and low-order 
pulse width modulator addresses) 


Note: Read and write data in 16-bit units. 


Count start flag 


b7 b6 b5 b4 b3 b2 bl Symbol Address When reset 
TABSR 034016 0016 


0 : Stops counting 
1: Starts counting 


Up/down flag 


b7_b6 b5 b4 b3_b2_ bt Address When reset 
034416 0016 


0 : Down count 
1: Up count 


This specification becomes valid 
when the up/down flag content is 
selected for up/down switching 
cause 


Timer A2 two-phase pulse 0 : two-phase pulse signal 


signal processing select bit processing disabled 
1 : two-phase pulse signal 


Timer A3 two-phase pulse processing enabled 
signal processing select bit 


; When not using the two-phase 
Timer A4 two-phase pulse | pulse signal processing function, 
signal processing select bit | set the select bit to “0” 


Figure 1.13.3. Timer A-related registers (2) 
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One-shot start flag 
Symbol Address When reset 
b7 b6 bS b4 b3 b2 bi b0 ONSF 034216 0016 


FW 
1 Timer ser oo 
When read, the value is “O” loo 
oo 
oo 

O10) 


TA40S | Timer A4 one-shot start flag 


TAZIE |Z phase input enable bit 0 : Invalid 
1: Valid 


TAOTGL | Timer AO event/trigger 
select bit : Input on TAOIN is selected (Note) 


: TB2 overflow is selected 
TAOTGH : TA4 overflow is selected 
: TA1 overflow is selected 


Note: Set the corresponding pin output function select register to I/O port, and 
port direction register to “O”. 


Trigger select register 


b7 b6 b5 b4 b3 b2 bi bO Symbol Address When reset 
TRGSR 034316 0016 


T vent/trigger 
Lh c pyenumigee : Input on TAIN is selected (Note) 
: TB2 overflow is selected 
: TAO overflow is selected 
: TA2 overflow is selected 


T Timer A2 event/trigger 
al select bit : Input on TA2IN is selected (Note) 
: TB2 overflow is selected 


: TA1 overflow is selected 
: TAS overflow is selected 


Timer A3 event/trigger ; ; 
select bit : Input on TAIN is selected (Note) 


: TB2 overflow is selected 
: TA2 overflow is selected 
: TA4 overflow is selected 


Timer A4 event/trigger 


select bit : Input on TA4IN is selected (Note) 


: TB2 overflow is selected 
: TA3 overflow is selected 
: TAO overflow is selected 


Note: Set the corresponding port function select register to I/O port, and port 
direction register to “O”. 


Clock prescaler reset flag 


b7 b6 65 b4 bs b2 bi bo Symbol Address When reset 
CPSRF 034116 OXXXXXXX2 


Bieymbol| __Bitvame + ——~—S*anefon—SSC*d 


Nothing is assigned. 
When write, set "0". When read, their contents are indeterminate. 


0: No effect 
1: Prescaler is reset 
(When read, the value is “O”) 


Nite SB Sie. ot eres; 


Clock prescaler reset flag 


Figure 1.13.4. Timer A-related registers (3) 
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(1) Timer mode 


In this mode, the timer counts an internally generated count source. (See Table 1.13.1.) Figure 1.13.5 
shows the timer Ai mode register in timer mode. 


Table 1.13.1. Specifications of timer mode 


Count source 


Specification 
f1, f8, £32, fc32 


Count operation 


« Down count 
* When the timer underflows, it reloads the reload register contents before 
continuing counting 


Divide ratio 


1/(n+1) n:Setvalue 


Count start condition 


Count start flag is set (= 1) 


Count stop condition 


Count start flag is reset (= 0) 


Interrupt request generation timing 


When the timer underflows 


TAIIN pin function 


Programmable I/O port or gate input 


TAiOUT pin function 


Programmable I/O port or pulse output (Setting by corresponding port function 
select register and peripheral function select register) 


Read from timer 


Count value can be read out by reading timer Ai register 


Write to timer 


« When counting stopped 
When a value is written to timer Ai register, it is written to both reload register 
and counter 

« When counting in progress 
When a value is written to timer Ai register, it is written to only reload register 
(Transferred to counter at next reload time) 


Select function 


* Gate function 

Counting can be started and stopped by the TAiIN pin’s input signal 
¢ Pulse output function 

Each time the timer underflows, the TAiOUT pin’s polarity is reversed 


Timer Ai mode register 


b7 b6 bS b4 b3 b2 bi bd 


Symbol Address When reset 
TAiMR(i=0 to 4) 035616 to 035A16 00000X002 


pieymipo! RW 
‘ TMODO | Operation mode b1bo 
TMOD1 select bit 0 0: Timer mode 


MRO This bit is invalid in M16C/80 series. 
Port output control is set by the function select registers A and B. 


Gate function select bit 


b4 b3 

0 X (Note 2): Gate function not available 
(TAiIN pin is a normal port pin) 

10: Timer counts only when TAiIN pin is 


held “L” (Note 2) 
1 1: Timer counts only when TAiIN pin is 


held “H” (Note 2) 


Note 1: The bit can be “O” or “1”. 
Note 2: Set the corresponding port function select register to I/O port, and port 
direction register to “O”. 


Figure 1.13.5. Timer Ai mode register in timer mode 
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(2) Event counter mode 


In this mode, the timer counts an external signal or an internal timer’s overflow. Timers AO and A1 can count a single- 
phase external signal. Timers A2, A3, and A4 can count a single-phase and a two-phase external signal. Table 
1.13.2 lists timer specifications when counting a single-phase external signal. Figure 1.13.6 shows the timer Ai 
mode register in event counter mode. Table 1.13.3 lists timer specifications when counting a two-phase 
external signal. Figure 1.13.7 shows the timer Ai mode register in event counter mode. 


Table 1.13.2. Timer specifications in event counter mode (when not processing two-phase pulse signal) 
Specification 
Count source « External signals input to TAIIN pin (effective edge can be selected by software) 
* TB2 overflows or underflows, TAj overflows or underflows 
Count operation ¢ Up count or down count can be selected by external signal or software 
«When the timer overflows or underflows, it reloads the reload register con 
tents before continuing counting (Note) 
Divide ratio ¢ 1/ (FFFF16 - n+ 1) for up count 
¢ 1/(n + 1) for down count n : Set value 
Count start condition Count start flag is set (= 1) 
Count stop condition Count start flag is reset (= 0) 
Interrupt request generation timing | The timer overflows or underflows 
TAIIN pin function Programmable I/O port or count source input 
TAIOUT pin function Programmable I/O port, pulse output, or up/down count select input (Setting by 
corresponding port function select register and peripheral function select register) 
Read from timer Count value can be read out by reading timer Ai register 
Write to timer « When counting stopped 
When a value is written to timer Ai register, it is written to both reload register and counter 
«When counting in progress 
When a value is written to timer Ai register, it is written to only reload register 
(Transferred to counter at next reload time) 
Select function ¢ Free-run count function 
Even when the timer overflows or underflows, the reload register content is 
not reloaded to it 
* Pulse output function 
Each time the timer overflows or underflows, the TAIOUT pin’s polarity is reversed 


Note: This does not apply when the free-run function is selected. 


Timer Ai mode register 


b7 b6 bS5 b4 b3 b2 b1 bO Symbol Address When reset 


Tot.) i aia | TAiMR(i=0 to 4) 035616 to O35A16 OO000X002 


‘ ‘ Bit symbol Bit name Function 
: TMODO Operation mode select bit | 51 0 


TMOD1 0 1 : Event counter mode (Note 1) 
This bit is invalid in M16C/80 series. 
Port output control is set by the function select registers A and B. 


MRO 
MR1 Count polarity : Counts external signal's falling edge 
select bit (Note 2) : Counts external signal's rising edge 
MR2 Up/down switching : Up/down flag's content 
cause select bit : TAiOuT pin's input signal (Note 3) 


O (Must always be fixed to “O” in event counter mode) ex) 


TCKO Count operation type 0 : Reload type 
select bit 1: Free-run type 


TCK1 Invalid in event counter mode 
Can be “O” or “1” 


Note 1: In event counter mode, the count source is selected by the event / trigger 
select bit (addresses 034216 and 034316). 

Note 2: Valid only when counting an external signal. 

Note 3: When an “L” signal is input to the TAiOUT pin, the downcount is activated. 
When “H”, the upcount is activated. Set the corresponding port function 
select register to I/O port, and port direction register to “O”. 


Figure 1.13.6. Timer Ai mode register in event counter mode 
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Table 1.13.3. Timer specifications in event counter mode 


Spectication 


Count source * Two-phase pulse signals input to TAiIN or TAIOUT pin 
Count operation ¢ Up count or down count can be selected by two-phase pulse signal 
«When the timer overflows or underflows, the reload register content is 
reloaded and the timer starts over again (Note) 
Divide ratio ¢ 1/ (FFFF16 - n+ 1) for up count 
¢1/ (n+ 1) for down count n: Set value 
Count start condition Count start flag is set (= 1) 
Count stop condition Count start flag is reset (= 0) 
Interrupt request generation timing] Timer overflows or underflows 
TAIIN pin function Two-phase pulse input 
TAiOUT pin function Two-phase pulse input (Setting by corresponding port function select register 
and peripheral function select register) 
Read from timer Count value can be read out by reading timer A2, A3, or A4 register 
Write to timer «When counting stopped 
When a value is written to timer A2, A3, or A4 register, it is written to both 
reload register and counter 
«When counting in progress 
When a value is written to timer A2, A3, or A4 register, it is written to only 
reload register. (Transferred to counter at next reload time.) 
Select function * Normal processing operation 
The timer counts up rising edges or counts down falling edges on the TAIIN 
pin when input signal on the TAiOUT pin is “H” 


TAiOUT | | |_| = [ 
TAIIN A i i | | 


(i=2,3) Up Up Up Down Down Down 
count count count count count count 


« Multiply-by-4 processing operation 
If the phase relationship is such that the TAiIN pin goes “H” when the input 
signal on the TAiOUT pin is “H”, the timer counts up rising and falling edges 
on the TAiOUT and TAIIN pins. If the phase relationship is such that the 
TAIIN pin goes “L” when the input signal on the TAiOUT pin is “H’, the timer 
counts down rising and falling edges on the TAiOUT and TAIIN pins. 


Ttacut oh y dy dh yvavdy 


es 
Count up all edges Count down all edges 


Count up all edges Count down all edges 


(when processing two-phase pulse signal with timers A2, A3, and A4) 
Note: This does not apply when the free-run function is selected. 
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Timer Ai mode register 
(When not using two-phase pulse signal processing) 


Die BG. JDBt. be BS. ibe DM Symbol Address When reset 


rT fol 1 | loli TAIMR(i=2 to 4) 035816 to 035A16 00000X002 
RW 


TMODO _| Operation mode select bit |®*®° 
: Event counter mode 


This bit is invalid in M16C/80 series. 
Port output control is set by the function select registers A and B. 


Count polarity : : Counts external signal's falling edges 
select bit (Note 1) : Counts external signal's rising edges 


Up/down switching Up/down flag’ s content 
cause select bit : TAiOUT pin's input signal (Note 2) 
: (Must always be “O” in event counter mode) 


= Count operation type Ve Reload type 
select bit : Free-run type 

TCK1 a a 0: Normal processing operation 
select bit (Note 3,4) 1 : Multiply-by-4 processing operation 


Note 1: This bit is valid when only counting an external signal. 

Note 2: Set the corresponding function select register A to I/O port, and port direction 
register to “O”. 

Note 3: This bit is valid for the timer A3 mode register. 
For timer A2 and A4 mode registers, this bit can be “O "or “1”. 

Note 4: When performing two-phase pulse signal processing, make sure the two-phase 
pulse signal processing operation select bit (address 034416) is set to “1”. Also, 
always be set the event/trigger select bit (address 034316) to “OO”. 


Timer Ai mode register 
(When using two-phase pulse signal processing) 


b7 b6 bS b4 b3 b2 bo Symbol Address When reset 


rT [oli folololt TAIMR(i=2 to 4) 035816 to 035A16 00000X002 
RW 


TMODO _ | Operation mode select bit | © >° 
H 0 1 : Event counter mode 


This bit is invalid in M16C/80 series. (Note 1) 
Port output control is set by the function select registers A - B. 


0 (Must always be “0” when using two-phase pulse signal 
aes can 


1 (Must always be “1” when using two-phase pulse signal 
processing) 


0 (Must al be “O” when using two-phase pulse signal 
nlite 


TCKO Count operation type . Reload type 
select bit : Free-run type 
Two-phase pulse 


processing operation 0 : Normal processing operation _ 
select bit (Note 2)(Note 3) 1 : Multiply-by-4 processing operation 


Note 1: Set the corresponding function select register A to I/O port. 

Note 2: This bit is valid for timer A3 mode register. 
For timer A2 and A4 mode registers, this bit can be “O” or “1”. 

Note 3: When performing two-phase pulse signal processing, make sure the two-phase pulse 
signal processing operation select bit (address 034416) is set to “1”. Also, always be 
sure to set the event/trigger select bit (addresses 034216 and 034316) to “OO”. 


Figure 1.13.7. Timer Ai mode register in event counter mode 
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¢ Counter Resetting by Two-Phase Pulse Signal Processing 
This function resets the timer counter to “O” when the Z-phase (counter reset) is input during two- 
phase pulse signal processing. 
This function can only be used in timer A3 event counter mode, two-phase pulse signal processing, 
free-run type, and multiply-by-4 processing. The Z phase is input to the INT2 pin. 
When the Z-phase input enable bit (bit 5 at address 034216) is set to “1”, the counter can be reset by 
Z-phase input. For the counter to be reset to “O” by Z-phase input, you must first write “O00016” to the 
timer A3 register (address 034D16 and 034C16). 
The Z-phase is input when the INT2 input edge is detected. The edge polarity is selected by the INT2 
polarity switch bit (bit 5 at address 009C 16). The Z-phase must have a pulse width greater than 1 cycle 
of the timer A3 count source. Figure 1.13.8 shows the relationship between the two-phase pulse (A 
phase and B phase) and the Z phase. 
The counter is reset at the count source following Z-phase input. Figure 1.13.9 shows the timing at 
which the counter is reset to “O”. 


TAS3OUT 
(A phase) 


TASIN 
(B phase) 


Count source | | | | | | | | | | | 


INT2 | ; 
(Z phase) 


+> 
The pulse must be wider than this width. 


Note: Select rising edge. 


Figure 1.13.8. The relationship between the two-phase pulse (A phase and B phase) and the Z phase 
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TASOUT | | | 
(A phase) 


TASIN 
(B phase) 


Count source | | | | | | | 


INT2 (Note) 3 
(Z phase) | | | 


Becoming "0" at this timing. 


Note: Select rising edge. 


Figure 1.13.9. The counter reset timing 


Note that two timer A3 interrupt requests occur successively two times when timer A3 underflow 
and INT2 input reload are happened at the same timing. 
Do not use timer A3 interrupt request when this function is used. 
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(3) One-shot timer mode 


In this mode, the timer operates only once. (See Table 1.13.4.) When a trigger occurs, the timer starts up and 
continues operating for a given period. Figure 1.13.10 shows the timer Ai mode register in one-shot timer mode. 


Table 1.13.4. Timer specifications in one-shot timer mode 


Item Specification 


Count source 


f1, f8, f32, fo32 


Count operation 


¢ The timer counts down 

«When the count reaches 000016, the timer stops counting after reloading a 
new count 

* If a trigger occurs when counting, the timer reloads a new count and restarts counting 


Divide ratio 


1/n n: Set value 


Count start condition 


« An external trigger is input 
¢ The timer overflows 
¢ The one-shot start flag is set (= 1) 


Count stop condition 


¢ A new count is reloaded after the count has reached 000016 
¢ The count start flag is reset (= 0) 


Interrupt request generation timing 


The count reaches 000016 


TAIIN pin function 


Programmable I/O port or trigger input 


TAiOUT pin function 


Programmable I/O port or pulse output (Setting by corresponding port function 
select register and peripheral function select register) 


Read from timer 


When timer Ai register is read, it indicates an indeterminate value 


Write to timer 


Timer Ai mode register 


b7 b6 bS5 b4 b3 b2 bi b0 


BEOREEOO 


«When counting stopped 
When a value is written to timer Ai register, it is written to both reload 
register and counter 

«When counting in progress 
When a value is written to timer Ai register, it is written to only reload register 
(Transferred to counter at next reload time) 


Symbol Address When reset 
TAIMR(i=0 to 4) 035616 to 035A16 00000X002 


: Bi sya RW 
TMODO _| Operation mode select bit : Secu 4 
TMOD1 : One-shot timer mode 


MRO This bit is invalid in M16C/80 series. 
Port output control is set by the function select registers A and B. 


External trigger select 0 : Falling edge of TAiIN pin's input signal (Note 2 
bit (Note 1) 1 : Rising edge of TAiIN pin's input signal (Note 2) 


Trigger select bit : One-shot start flag is valid 
: Selected by event/trigger select 


register 


0 (Must always be “O” in one-shot timer mode) 


b7 b6 

00:f1 
01: fe 
10: f32 
11: fc32 


Count source select bit 


Note 1: Valid only when the TAiIN pin is selected by the event/trigger select bit 


(addresses 034216 and 034316). If timer overflow is selected, this bit can be “1” or “O”. 


Note 2: Set the corresponding port function select register to I/O port, and port direction 


register to “O”. 


Figure 1.13.10. Timer Ai mode register in one-shot timer mode 
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(4) Pulse width modulation (PWM) mode 
In this mode, the timer outputs pulses of a given width in succession. (See Table 1.13.5.) In this mode, the counter 
functions as either a 16-bit pulse width modulator or an 8-bit pulse width modulator. Figure 1.13.11 shows the 
timer Ai mode register in pulse width modulation mode. Figure 1.13.12 shows the example of how a 16-bit pulse 
width modulator operates. Figure 1.13.13 shows the example of how an 8-bit pulse width modulator operates. 
Table 1.13.5. Timer specifications in pulse width modulation mode 


Item Specification 


Count source f1, f8, f32, fc32 
Count operation ¢ The timer counts down (operating as an 8-bit or a 16-bit pulse width modulator) 
* The timer reloads a new count at a rising edge of PWM pulse and continues counting 
« The timer is not affected by a trigger that occurs when counting 
16-bit PWM * High level width n/fi n:Set value 
*Cycle time (216-1) /fi_ fixed 
8-bit PWM * High level width nX(m+1)/fi n: values set to timer Ai register’s high-order address 
* Cycle time (28-1) (m+1)/fi m:values set to timer Ai registers low-order address 
Count start condition « External trigger is input 
« The timer overflows 
¢ The count start flag is set (= 1) 
Count stop condition ¢ The count start flag is reset (= 0) 
Interrupt request generation timing; PWM pulse goes “L” 
TAIIN pin function Programmable I/O port or trigger input 
TAIOUT pin function Pulse output Two-phase pulse input (Setting by corresponding port function 
select register and peripheral function select register) 
Read from timer When timer Ai register is read, it indicates an indeterminate value 
Write to timer «When counting stopped 
When a value is written to timer Ai register, it is written to both reload 
register and counter 
«When counting in progress 
When a value is written to timer Ai register, it is written to only reload register 


(Transferred to counter at next reload time) 


Timer Ai mode register 


I Symbol Address When reset 
PTT tf fata d a] TAIMR(i=0 to 4) 035616 to 035A16 00000X002 
| Coane 
* "7 TMODO __| Operation mode }O:0} 
toe TMOD1 select bit ‘i i: PWM mode [O:0] 
This bit is invalid in M16C/80 series. 
Port output control is set by the function select registers A and B. 
External trigger select 0: Falling edge of TAii pin's input signal (Note 2) 
bit (Note 1) 1: Rising edge of TAiln pin's input signal (Note 2) 
Trigger select bit 0: Count start flag is valid 
1: Selected by event/trigger select register 
16/8-bit PWM mode 0: Functions as a 16-bit pulse width modulator 
select bit 1: Functions as an 8-bit pulse width modulator 


Note 1: Valid only when the TAiIN pin is selected by the event/trigger select bit 
(addresses 034216 and 034316). If timer overflow is selected, this bit can be “1” or “O”. 
Note 2: Set the corresponding port function select register to I/O port, and port direction 
register to “0”. 


Figure 1.13.11. Timer Ai mode register in pulse width modulation mode 
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Condition : Reload register = 000316, when external trigger 
(rising edge of TAiIN pin input signal) is selected 


1/f x (2'°-1) 


Count source 


TAIIN pin i 
input signal ae ae ' a aa 
| Trigger is not generated by this signal 


1/fixn 


PWM pulse output 
from TAiOuT pin 


Timer Ai interrupt 
request bit 


fi: Frequency of count source 
(fi, f8, £32, fc32) Cleared to “0” when interrupt request is accepted, or cleared by software 


Note: n = 000016 to FFFE16. 


Figure 1.13.12. Example of how a 16-bit pulse width modulator operates 


Condition : Reload register high-order 8 bits = 0216 
Reload register low-order 8 bits = 0216 
External trigger (falling edge of TAiIN pin input signal) is selected 


1/f X(m+1) X (28-1) 


Count source (Note1) 


TAiIN pin input signal 


x a 1/4 X (m+1) 


Underflow signal of 
8-bit prescaler (Note2) « » 


| 4/f X(m+1)Xn 
ae ee 


PWM pulse output 
from TAiOuT pin 


Timer Ai interrupt 
request bit 


fi: Frequency of count source 
(f1, fa, f32, fc32) 


Cleared to “O” when interrupt request is accepted, or cleaerd by software 


Note 1: The 8-bit prescaler counts the count source. 
Note 2: The 8-bit pulse width modulator counts the 8-bit prescaler's underflow signal. 
Note 3: m = 0016 to FE16; n = 0016 to FE16. 


Figure 1.13.13. Example of how an 8-bit pulse width modulator operates 
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Timer B 
Figure 1.14.1 shows the block diagram of timer B. Figures 1.14.2 and 1.14.3 show the timer B-related 
registers. Use the timer Bi mode register (i = 0 to 5) bits O and 1 to choose the desired mode. 
Timer B has three operation modes listed as follows: 


¢ Timer mode: The timer counts an internal count source. 

¢ Event counter mode: The timer counts pulses from an external source or a timer overflow. 

« Pulse period/pulse width measuring mode: The timer measures an external signal's pulse period or 
pulse width. 


Data bus high-order bits 


. Data bus low-order bits 
Clock source selection 


If Low-order 8 bits rT High-order 8 bits 
ff —_o + Timer 


fg oO \ + Pulse period/pulse width measurement Reload register (16) 


f32 —o 


fc32___o» + Event counter 


TBiiNn Polarity switching 
(i= 0 to 5) and edge pulse 


Can be selected in only 
event counter mode 
TBi Address TBj 
TBj overflow ———O Timer BO 035116 035016 Timer B2 
(j =i-— 1. Note, however, Timer B1 035316 035216 Timer BO 
j= 2 wheni=0, Timer B2 035516 035416 Timer B1 
j= 5 wheni = 3) Timer B3 031116 031016 Timer BS 
Timer B4 031316 031216 Timer B3 
TimerB5 031516 031416 Timer B4 


Figure 1.14.1. Block diagram of timer B 


Timer Bi mode register 


Symbol Address When reset 
TBIMR(i = 0 to 5) 035B16 to035Die = O00XX00002 
031Bi6 to 031D16 00XX00002 


Bit symbol 


TMODO Operation mode select bit : Timer mode 
: Event counter mode 


TMOD1 : Pulse period/pulse width 
measurement mode 
: Inhibited 
MRO - : , - 


b7 b6 bS5 b4 b3 b2 bi bd 


Count source select bit 
(Function varies with each operation mode) 


Note 1: Timer BO, timer B3. 
Note 2: Timer B1, timer B2, timer B4, timer B5. 


Figure 1.14.2. Timer B-related registers (1) 
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Timer Bi register (Note) Address When reset 
035116, 035016 Indeterminate 
(b15) (b8) 035316, 035216 Indeterminate 
ld bob? 035516, 035416 —_ Indeterminate 
031116,031016 Indeterminate 
031316, 031216 Indeterminate 
031516, 031416 Indeterminate 


Function 


* Timer mode 000016 to FFFF16 
Counts the timer's period 

* Event counter mode 000016 to FFFF16 
Counts external pulses input or a timer overflow 

* Pulse period / pulse width measurement mode 
Measures a pulse period or width Ox 


Note: Read and write data in 16-bit units. 


Count start flag 


b7 b6 bS b4 b3 b2 bt bO Symbol Address When reset 
TABSR 034016 0016 


| Biteymbor J 
: : ae counting ee 

: Starts counting 
TA2S lo0) 
oo 
joo 
joo 
ee 
O:0 


TBOS 
TB1S 
TB2S 


Timer B3, 4, 5 count start flag 


b7 b6 bS b4 b3 b2 bt bO Symbol Address When reset 
TBSR 030016 O000XXXXxX2 


Nothing is assigned. 
When write, set "0". When read, the value of these bits is indeterminate. 


TB3S Timer B3 count start flag 0: Stops counting 
TB4S Timer B4 count start flag 1, seta SUNY 
TB5S Timer B5 count start flag 


Clock prescaler reset flag 


b7 b6 bS b4 b3 b2 bt bO Symbol Address When reset 
CPSRF 038116 OXXXXXXX2 


Bit symbol 
' | Nothing is assigned. 
When write, set "0". When read, the value of these bits is indeterminate. 


Clock prescaler reset flag | © : No effect _ 
1: Prescaler is reset 


(When read, the value is “O”) 


Figure 1.14.3. Timer B-related registers (2) 
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(1) Timer mode 
In this mode, the timer counts an internally generated count source. (See Table 1.14.1.) Figure 1.14.4 
shows the timer Bi mode register in timer mode. 


Table 1.14.1. Timer specifications in timer mode 

Count source f1, £8, £82, {C32 

Count operation * Counts down 

¢ When the timer underflows, it reloads the reload register contents before 
continuing counting 

Divide ratio 1/(n+1) n: Set value 

Count start condition Count start flag is set (= 1) 

Count stop condition Count start flag is reset (= 0) 

Interrupt request generation timing | The timer underflows 

TBIIN pin function Programmable I/O port 

Read from timer Count value is read out by reading timer Bi register 

Write to timer «When counting stopped 
When a value is written to timer Bi register, it is written to both reload register 
and counter 

« When counting in progress 
When a value is written to timer Bi register, it is written to only reload register 
(Transferred to counter at next reload time) 


Timer Bi mode register 
b7 b6 b5 b4 b3 b2 bt b0 Symbol Address When reset 


PLL T TT topo} Mito caters to 0atb1e — 00xxo000% 


TMODO | Operation mode select bit | 7’. -. | oO: 0 | 
0 0: Timer mode 
Invalid in timer mode | oO! 0] 


MR1 Can be “0” or “1” 


ixed to “O” in timer mode ; i = 0, 3) 


ing is assiigned (i = 1, 2, 4, 5). 

n write, set"0". When read, its content is indeterminate. 
Invalid in timer mode. 

When write, set "0". When read in timer mode, its content is 
indeterminate. 


b7 b6 
00:f 
01: fs 
10: fee 
11: fc32 


Note 1: Timer BO, timer B3. 
Note 2: Timer B1, timer B2, timer B4, timer B5. 


Figure 1.14.4. Timer Bi mode register in timer mode 
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(2) Event counter mode 
In this mode, the timer counts an external signal or an internal timer's overflow. (See Table 1.14.2.) 


Figure 1.14.5 shows the timer Bi mode register in event counter mode. 

Table 1.14.2. Timer specifications in event counter mode 

Count source ¢ External signals input to TBiIN pin 
Effective edge of count source can be a rising edge, a falling edge, or falling 
and rising edges as selected by software 

* TBj overflows or underflows 

Count operation * Counts down 

«When the timer underflows, it reloads the reload register contents before 
continuing counting 

Divide ratio 1/(n+1) n: Set value 

Count start condition Count start flag is set (= 1) 

Count stop condition Count start flag is reset (= 0) 

Interrupt request generation timing | The timer underflows 

TBIIN pin function Count source input (Set the corresponding function select register A to I/O port.) 

Read from timer Count value can be read out by reading timer Bi register 

Write to timer «When counting stopped 

When a value is written to timer Bi register, it is written to both reload register 
and counter 

«When counting in progress 

When a value is written to timer Bi register, it is written to only reload register 
(Transferred to counter at next reload time) 


Timer Bi mode register 


b7 b6 b5 b4 b3 b2 b1 b0 Symbol Address When reset 
oO] 1 TBiMR(i = 0 to 5) 035B16 to 035D16 + 00XX00002 
031Bi6 to 031Die = 00XX00002 


‘| Bit symbol Bit name Function 
TMODO Operation mode b1 bo 


TMOD1 select bit 01: Event counter mode 


MR Count polarity select {53 »2 i : 
ss bit ce 1) y 0 0 : Counts external signal's falling edges 


0 1 : Counts external signal's rising edges 

10: Counts external signal's falling and 
rising edges 

11: Inhibited 


MR1 


0 (Fixed to “O” in event counter mode; i = 0, 3) 


Nothing is assigned (i = 1, 2, 4, 5). 
When write, set "0". When read, its content is indeterminate. 


Invalid in event counter mode. 
When write, set "0". When read in event counter mode, its 
content is indeterminate. 


Invalid in event counter mode. 
Can be “O” or “1”. 


Event clock select 0: Input from TBiIN pin (Note 4) 
1: TBj overflow 
(j = i- 1; however, j = 2 wheni = 0, 
j =5 when i = 3) 


Note 1: Valid only when input from the TBiIN pin is selected as the event clock. 
If timer's overflow is selected, this bit can be “O” or “1”. 
Note 2: Timer BO, timer B3. 
Note 3: Timer B1, timer B2, timer B4, timer B5. 
Note 4: Set the corresponding function select register A to I/O port, and port direction register to “O”. 


Figure 1.14.5. Timer Bi mode register in event counter mode 
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(3) Pulse period/pulse width measurement mode 
In this mode, the timer measures the pulse period or pulse width of an external signal. (See Table 1.14.3.) 
Figure 1.14.6 shows the timer Bi mode register in pulse period/pulse width measurement mode. Figure 
1.14.7 shows the operation timing when measuring a pulse period. Figure 1.14.8 shows the operation 
timing when measuring a pulse width. 
Table 1.14.3. Timer specifications in pulse period/pulse width measurement mode 
Specification 


Count source f1, 8, £32, fc32 

Count operation ¢ Up count 

* Counter value “000016” is transferred to reload register at measurement 
pulse's effective edge and the timer continues counting 

Count start condition Count start flag is set (= 1) 

Count stop condition Count start flag is reset (= 0) 

Interrupt request generation timing |* When measurement pulse's effective edge is input (Note 1) 


* When an overflow occurs. (Simultaneously, the timer Bi overflow flag 
changes to “1”. The timer Bi overflow flag changes to “O” when the count 
start flag is “1” and a value is written to the timer Bi mode register.) 

TBIiIN pin function Measurement pulse input 

Read from timer When timer Bi register is read, it indicates the reload register’s content 

(measurement result) (Note 2) 


Write to timer Cannot be written to 


Note 1: An interrupt request is not generated when the first effective edge is input after the timer has started counting. 
Note 2: The value read out from the timer Bi register is indeterminate until the second effective edge is input after the timer. 


Timer Bi mode register 
b7 b6 b5 b4 b3 b2 bi b0 Symbol Address When reset 


PL ET TT Pi fo] MR ote) erp rsto 03iDi8  OOxx00008 


‘| Bit symbol Bit name Function 


Ti D * b1 bO 
ene Operation mode 1 0: Pulse period / pulse width 
select bit 


TMOD1 measurement mode 


b3 b2 


0.0: Pulse period measurement (Interval between 
measurement pulse's falling edge to falling edge) 

01: Pulse period measurement (Interval between 
measurement pulse's rising edge to rising edge) 

10: Pulse width measurement (Interval between 
measurement pulse's falling edge to rising edge, 
and between rising edge to falling edge) 

11: Inhibited 


Measurement mode 
select bit 


0 (Fixed to “O” in pulse period/pulse width measurement mode; i = 0, 3) 


Nothing is assigned (i = 1, 2, 4, 5). 
When write, set "0". When read, its content is indeterminate. 


Timer Bi overflow 
flag ( Note 1) 
b7 b6 
Count source 00:f1 
select bit 01: f8 
10: fa2 
11 2 tee2 


Note 1: The timer Bi overflow flag changes to “0” when the count start flag is “1” and a value is written to the 
timer Bi mode register. This flag cannot be set to “1” by software. 

Note 2: Timer BO, timer B3. 

Note 3: Timer B1, timer B2, timer B4, timer B5. 


Figure 1.14.6. Timer Bi mode register in pulse period/pulse width measurement mode 
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When measuring measurement pulse time interval from falling edge to falling edge 


Count source 


Measurement pulse 


i Transfer 
indeterminate value) F (measured value) 


Reload register+— counter | 


transfer timing 


Timing at which counter 
reaches “000016” 


Count start flag 


Timer Bi interrupt 
request bit 


Cleared to “O” when interrupt request is accepted, or cleared by software. 


Timer Bi overflow flag sy 


Note 1: Counter is initialized at completion of measurement. 
Note 2: Timer has overflowed. 


Figure 1.14.7. Operation timing when measuring a pulse period 


Count source 


Measurement pulse 


Transfer Transfer | Transfer 1 Transfer 


ae ol (measured value) Val ae a value) 
f { 


. \A value) 
Reload register «- counter 


transfer timing 


tee 1) ee 1) 
Timing at which counter 
reaches “000016” 


Count start flag 


Timer Bi interrupt 
request bit 


a 


Cleared to “O” when interrupt request is accepted, or cleared by software. 


Timer Bi overflow flag i 


0 


Note 1: Counter is initialized at completion of measurement. 
Note 2: Timer has overflowed. 


Figure 1.14.8. Operation timing when measuring a pulse width 
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Three-phase motor control timers’ functions 


Three-phase motor control timers’ functions 


Use of more than one built-in timer A and timer B provides the means of outputting three-phase motor 


driving waveforms. 


Figures 1.15.1 through 1.15.3 show registers related to timers for three-phase motor control. 


Three-phase PWM control register 0 


b7 b6 bS b4 b3 b2 bi b0 


Address 
030816 


Symbol 
INVCO 


When reset 


0016 


Bit symbol Bit name 


Effective interrupt output 
polarity select bit 


Effective interrupt output 
specification bit 


Mode select bit 
(Note 2) 


Description 


0: A timer B2 interrupt occurs when the 
timer A1 reload control signal is “O”. 

1: A timer B2 interrupt occurs when the 
timer A1 reload control signal is “1”. 
Effective only in three-phase mode 1 


0: Not specified. 

1: Selected by the effective interrupt 
output polarity selection bit. 
Effective only in three-phase mode 1 


0: Normal mode 
1: Three-phase PWM output mode 


Output control 


0: Output disabled 


1: Output enabled 


0: Feature disabled 
1: Feature enabled 


Positive and negative 
phases concurrent L output 
disable function enable bit 


0: Not detected yet 
1: Already detected 


Positive and negative 
phases concurrent L output 
detect flag 


Modulation mode select 
bit (Note 3) 


INV07 Software trigger bit 


: No value other than “0” can be written. 

: Selecting three-phase PWM output mode causes the dead time timer, the U, V, W phase output control circuits, and the 
timer B2 interrupt frequency set circuit works. 

For U, U, V, V, W and W output from P80, P81, and P72 through P75, setting of port function select register, peripheral 
function select register and peripheral subfunction select regoster are required. 

In triangular wave modulation mode: The dead time timer starts in synchronization with the falling edge of timer Ai 
output. The data transfer from the three-phase buffer register to the three-phase output shift register is made only once in 
synchronization with the transfer trigger signal after writing to the three-phase output buffer register. 

In sawtooth wave modulation mode: The dead time timer starts in synchronization with the falling edge of timer A 
output and with the transfer trigger signal. The data transfer from the three-phase output buffer register to the three- 
phase output shift register is made with respect to every transfer trigger. 

Set bit 1 of this register to "1" after setting timer B2 interrupt frequency set counter. 


0: Triangular wave modulation mode 
1: Sawtooth wave modulation mode 


1: Trigger generated 
The value, when read, is “0”. 


Note 4: 


Three-phase PWM control register 1 
b7 b6 b5 b4 b3 b2 bi bO 


Address 
030916 


When reset 
XXX0X0002 


Symbol 
INVC1 


0: Timer B2 overflow signal 
1: Timer B2 overflow signal, 
signal for writing to timer B2 


0: Three-phase mode 0 
1: Three-phase mode 1 


0 : Inhibit 
1: f1/2 (Note) 


Dead time timer count 
source select bit 


0: Rising edge of triangular waveform 
1: Falling edge of triangular waveform 


Carrier wave detect flag 


0 : Low active 
1: High active 


Output porality control bit 


Noting is assigned. 
When write, set "0". When read, their contents are "0". 


Note : INV12 is valid when INVO6 = 0 and INV11 = 1. 


Figure 1.15.1. Registers related to timers for three-phase motor control 
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Three-phase output buffer register 0 (Note) 


by bb b5 bd bs be bt_bo Symbol Address When reset 


IDBO 030A16 0016 


RW 
[eve _[oeraiessounsere | Soiainupte aero [010 
[ouco [ene asnsnsero | Seige up aero [010 
[ove | veaseoupavatra | Seg invanese cussed [10 
[oveo|easeoupatatra | Sota inverse cussrouteo [010 
a a) I) 
2c ee eee 7 


Nothing is assigned. 
When write, set "0". When read, its content is "0". 


Note: When executing read instruction of this register, the contents of three-phase shift 
register is read out. 


Three-phase output buffer register 1 (Note) 


b7 b6 b5 b4 b3 b2 bt b0 
Symbol Address When reset 


IDB1 030B16 0016 


R iW 
{ pur | U phase output buffer 1 | Setting in U phase output buffer 1 LOO) 
DUB1 U phase output buffer 1 | Setting in U phase output buffer 1 Feit 


[v1 [Vea sapautes [seta Visors [0 | 
[over | Ves oanatit [sation ox eur’ [0 | 
[ow [worms cue eae | swininw arse cosaroerr [0 O| 
[one [ Worse nou oars | Serine wouter [OO] 


Nothing is assigned. 
When write, set "0". When read, its content is "0". 


Note: When executing read instruction of this register, the contents of three-phase shift 
register is read out. 


Dead time timer 


b7 
Address When reset 


030C16 Indeterminate 


ne Ee 


Timer B2 interrupt occurrences frequency set counter 
Symbol Address When reset 
ICTB2 030D16 Indeterminate 


Function Values that can be set | R | W 


Set occurrence frequency of timer B2 1to15 
interrupt request 


Note 1: When the effective interrupt output specification bit (INVO1: bit 1 at 030816) is set to 
"1" and three-phase motor control timer is operating, do not rewrite to this register. 
Note 2: Do not write to this register at the timing of timer B2 overflow. 


Figure 1.15.2. Registers related to timers for three-phase motor control 
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Timer Ai register (Note) ddiece Whentesct 


(8) i 034916,034816 Indeterminate 
034B16,034A16 Indeterminate 
034F 16,034E16 Indeterminate 
035516,035416 Indeterminate 


Function Values that can be set 


* Timer mode 000016 to FFFF16 
Counts an internal count source 

* One-shot timer mode 000016 to FFFFi6 x a 
Counts a one shot width 


Note: Read and write data in 16-bit units. 


Timer Ai-1 register (Note) 


(b15) (b8) Symbol Address When reset 

ts EOE? TA11 030316,030216 Indeterminate 
TA21 030516,030416 Indeterminate 
TA41 030716,030616 Indeterminate 


Counts an internal count source 000016 to FFFFi6 oo] 
Note: Read and write data in 16-bit units. 


Trigger select register 
b7 b6 bS b4 b3 b2 b1 po 


Symbol Address When reset 
TRGSR 034316 0016 


Bit symbol Bit name Function Riw 


TAITGL Timer A1 event/trigger 


: : Input on TAIN is selected (Note 
select bit : ( ) 


: TB2 overflow is selected 
: TAO overflow is selected 
: TA2 overflow is selected 


Timer A2 event/trigger 
select bit : Input on TA2IN is selected (Note) 


: TB2 overflow is selected 
: TA1 overflow is selected 
: TAS overflow is selected 


Timer A3 event/trigger 


select bit : Input on TASIN is selected (Note) 


: TB2 overflow is selected 
: TA2 overflow is selected 
: TA4 overflow is selected 


net - event/trigger 0 : Input on TA4IN is selected (Note) 
select bit : TB2 overflow is selected 
: TAS overflow is selected 
: TAO overflow is selected 


Note: Set the corresponding port function select register to I/O port, and port direction 
register to "0". 


Count start flag 
b7 b6 b5 b4 b3 b2 b1 bO Symbol Address When reset 
TABSR 034016 0016 


1: Starts counting 


TB1S Timer B1 count start flag 
TB2S Timer B2 count start flag 


Figure 1.15.3. Registers related to timers for three-phase motor control 
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Three-phase motor driving waveform output mode (three-phase waveform mode) 
Setting “1” in the mode select bit (bit 2 at 030816) shown in Figure 1.15.1 - causes three-phase waveform 
mode that uses four timers A1, A2, A4, and B2 to be selected. As shown in Figure 1.15.4, set timers A1, 
A2, and A4 in one-shot timer mode, set the trigger in timer B2, and set timer B2 in timer mode using the 
respective timer mode registers. 


Timer Ai mode register 
g Symbol Address When reset 
b7 b6 b5 b4 b3 b2 b1 bO TAIMR 035716 00000X002 


PLoGEo) fa ae eee 


Bit symbol Bit name Function R'w 


= TMODO Oo ti d b1 bo 
: TMOD1 ane sical 1 0 : One-shot timer mode 


This bit is invalid in M16C/80 series. 
Port output control is set by the function select registers A and B. 
External trigger select Invalid in three-phase PWM waveform mode. oo 
bit 
MR2 Trigger select bit 1 : Selected by event/trigger select 
register 


0 (Must always be “0” in one-shot timer mode) loo 


Count source select bit 5 c f1 


01: fs 


10: fs2 
11: fes2 


Timer B2 mode register 


Symbol Address When reset 


Wn TB2MR 035D16 00xx00002 


0| 0 


: [Bit symbol Ri 
TMODO Operation mode select bit 9 a 


: Timer mode 
TMOD1 


MRO Invalid in timer mode 
MRI Can be “0” or “1” 


MR2 0 (Fixed to “O” in timer mode) 


MR3 Invalid in timer mode. 
When write, set "0". When read in timer mode, its content is 
indeterminate. 


TCKO Count source select bit ae ‘ 
01: fe 


10: f32 
11: fc32 


Figure 1.15.4. Timer mode registers in three-phase waveform mode 
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Figure 1.15.5 shows the block diagram for three-phase waveform mode. In “L” active output polarity in 
three-phase waveform mode, the positive-phase waveforms (U phase, V phase, and W phase) and 
negative waveforms (U phase, V phase, and W phase), six waveforms in total, are output from P81, P72, 
P73, P74, and P75 as active on the “L” level. Of the timers used in this mode, timer A4 controls the U 
phase and U phase, timer A1 controls the V phase and V phase, and timer A2 controls the W phase and 
W phase respectively; timer B2 controls the periods of one-shot pulse output from timers A4, A1, and A2. 
In outputting a waveform, dead time can be set so as to cause the “L” level of the positive waveform 
output (U phase, V phase, and W phase) not to lap over the “L” level of the negative waveform output (U 
phase, V phase, and W phase). 

To set short circuit time, use three 8-bit timers sharing the reload register for setting dead time. A value 
from 1 through 255 can be set as the count of the timer for setting dead time. The timer for setting dead 
time works as a one-shot timer. If a value is written to the dead timer (030C16), the value is written to the 
reload register shared by the three timers for setting dead time. 

Any of the timers for setting dead time takes the value of the reload register into its counter, if a start 
trigger comes from its corresponding timer, and performs a down count in line with the clock source 
selected by the dead time timer count source select bit (bit 2 at 030916). The timer can receive another 
trigger again before the workings due to the previous trigger are completed. In this instance, the timer 
performs a down count from the reload register’s content after its transfer, provoked by the trigger, to the 
timer for setting dead time. 

Since the timer for setting dead time works as a one-shot timer, it starts outputting pulses if a trigger 
comes; it stops outputting pulses as soon as its content becomes 0016, and waits for the next trigger to 
come. 

The positive waveforms (U phase, V phase, and W phase) and the negative waveforms (U phase, V 
phase, and W phase) in three-phase waveform mode are output from respective ports by means of 
setting “1” in the output control bit (bit 3 at 030816). Setting “O” in this bit causes the ports to be the high- 
impedance state. This bit can be set to “0” not only by use of the applicable instruction, but by entering a 
falling edge in the NMI terminal or by resetting. Also, if “1” is set in the positive and negative phases 
concurrent L output disable function enable bit (bit 4 at 030816) causes one of the pairs of U phase and U 
phase, V phase and V phase, and W phase and W phase concurrently go to “L”, as a result, the output 
control bit becomes the high-impedance state. 
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Figure 1.15.5. Block diagram for three-phase waveform mode 
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Triangular wave modulation 
To generate a PWM waveform of triangular wave modulation, set “O” in the modulation mode select bit 
(bit 6 at 030816). Also, set “1” in the timers A4-1, A1-1, A2-1 control bit (bit 1 at 030916). In this mode, each 
of timers A4, A1, and A2 has two timer registers, and alternately reloads the timer register’s content to the 
counter every time timer B2 counter’s content becomes 000016. If “1” is set to the effective interrupt 
output specification bit (bit 1 at 030816), the frequency of interrupt requests that occur every time the timer 
B2 counter’s value becomes 000016 can be set by use of the timer B2 counter (030D16) for setting the 
frequency of interrupt occurrences. The frequency of occurrences is given by (setting; setting 2 0). 
Setting “1” in the effective interrupt output specification bit (bit 1 at 030816) provides the means to choose 
which value of the timer A1 reload control signal to use, “O” or “1”, to cause timer B2’s interrupt request to 
occur. To make this selection, use the effective interrupt output polarity selection bit (bit 0 at 030816). 
An example of U phase waveform is shown in Figure 74, and the description of waveform output workings 
is given below. Set “1” in DUO (bit 0 at O30A16). And set “O” in DUBO (bit 1 at 030A16). In addition, set “O” 
in DU1 (bit 0 at 030B16) and set “1” in DUB1 (bit 1 at 030B16). Also, set “O” in the effective interrupt output 
specification bit (bit 1 at 030816) to set a value in the timer B2 interrupt occurrence frequency set counter. 
By this setting, a timer B2 interrupt occurs when the timer B2 counter’s content becomes 000016 as many 
as (setting) times. Furthermore, set “1” in the effective interrupt output specification bit (bit 1 at 030816), 
set in the effective interrupt polarity select bit (bit O at 030816) and set "1" in the interrupt occurrence 
frequency set counter (030D16). These settings cause a timer B2 interrupt to occur every other interval 
when the U phase output goes to “H”. 
When the timer B2 counter’s content becomes 000016, timer A4 starts outputting one-shot pulses. In this 
instance, the content of DU1 (bit 0 at 030B16) and that of DUO (bit O at O30A16) are set in the three-phase 
output shift register (U phase), the content of DUB1 (bit 1 at 030B16) and that of DUBO (bit 1 at O30A16) 
are set in the three-phase shift register (U phase). After triangular wave modulation mode is selected, 
however, no setting is made in the shift register even though the timer B2 counter’s content becomes 
000016. 
The value of DUO and that of DUBO are output to the U terminal (P80) and to the U terminal (P81) 
respectively. When the timer A4 counter counts the value written to timer A4 (038F 16, 038E16) and when 
timer A4 finishes outputting one-shot pulses, the three-phase shift register’s content is shifted one posi- 
tion, and the value of DU1 and that of DUB1 are output to the U phase output signal and to U phase output 
signal respectively. At this time, one-shot pulses are output from the timer for setting dead time used for 
setting the time over which the “L” level of the U phase waveform doesn't lap over the “L” level of the U 
phase waveform, which has the opposite phase of the former. The U phase waveform output that started 
from the “H” level keeps its level until the timer for setting dead time finishes outputting one-shot pulses 
even though the three-phase output shift register’s content changes from “1” to “O” by the effect of the 
one-shot pulses. When the timer for setting dead time finishes outputting one-shot pulses, "0" already 
shifted in the three-phase shift register goes effective, and the U phase waveform changes to the "L" 
level. When the timer B2 counter’s content becomes 000016, the timer A4 counter starts counting the 
value written to timer A4-1 (030716, 030616), and starts outputting one-shot pulses. When timer A4 fin- 
ishes outputting one-shot pulses, the three-phase shift register’s content is shifted one position, but if the 
three-phase output shift register’s content changes from “0” to “1” as a result of the shift, the output level 
changes from “L” to “H” without waiting for the timer for setting dead time to finish outputting one-shot 
pulses. A U phase waveform is generated by these workings repeatedly. With the exception that the 
three-phase output shift register on the U phase side is used, the workings in generating a U phase 
waveform, which has the opposite phase of the U phase waveform, are the same as in generating a U 
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phase waveform. In this way, a waveform can be picked up from the applicable terminal in a manner in 
which the "L" level of the U phase waveform doesn’t lap over that of the U phase waveform, which has the 
opposite phase of the U phase waveform. The width of the “L” level too can be adjusted by varying the 
values of timer B2, timer A4, and timer A4-1. In dealing with the V and W phases, and V and W phases, 
the latter are of opposite phase of the former, have the corresponding timers work similarly to dealing with 
the U and U phases to generate an intended waveform. 


A carrier wave of triangular waveform 


Carrier wave —_ » 


Signal wave ~» 


Timer B2 


Timber B2 interrupt occurres 
Rewriting timer A4 and timer A4-1. H 
/ Possible to set the number of overflows to generate an \; 
Trigger signal for interrupt by use of the interrupt occurrences frequency __ |: 
timer Ai start .. y Ser circuit 
(timer B2 overflow []_! i] 
signal) oe H 


The three-phase 


; : shift register 
Timer A4 output =| | Lk | el 1 t - shifts in 


synchronization 
yt ot ' fn : ' ‘ : with the falling 
Control signal for tL! 1 ‘ Pyle ‘ ‘ :, edge of the A4 
timer A4 reload |: Ha / output. 


U phase 
output signal 


U phase 
output signal 


U phase 
(Note 1) 


U phase 


ie 


Dead time 


Sater iia 


Dead time 


INV13(Triangular wave pe I re ES ees ED 
modulation detect flag) : 4 t : ' , : ' 
(Note 3) ? 
Note 1: When INV14="0" (output wave Low active) 
Note 2: When INV14="1" (output wave High active) 
Note 3: Set to triangular wave modulation mode and to three-phase mode 1. 


Figure 1.15.6. Timing chart of operation (1) 


ate MITSUBISHI 115 
ELECTRIC 


Three-phase motor control timers’ functions 


Mitsubishi microcomputers 


M16C/80 (100-pin version) group 
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


A carrier wave of triangular waveform 


Carrier wave ——» 


Signal wave ~» 


Timer B2 


Trigger signal for 
timer Ai start 


Assigning certain values to DUO (bit 0 at O30A16) and DUBO (bit 1 at O30A16), and to DU1 (bit 0 at 030B16) 
and DUB1 (bit 1 at 030B16) allows you to output the waveforms as shown in Figure 1.15.7, that is, to 
output the U phase alone, to fix U phase to “H”, to fix the U phase to “H,” or to output the U phase alone. 


‘ Rewriting timer A4 every timer B2 interrupt occurres. 


Timer B2 interrupt occurres. 


‘Rewriting three-phase buffer register. 


(timer B2 overflow 


signal) 


Timer A4 output 


Control signal for 
timer A4 reload 


U phase 
output signal 


U phase 
output signal 


U phase 


U phase 


‘ 
' ay 
a 


ys 


Dead time 


Note: Set to triangular wave modulation mode and to three-phase mode 1. 


Figure 1.15.7. Timing chart of operation (1) 
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Sawtooth modulation 
To generate a PWM waveform of sawtooth wave modulation, set “1” in the modulation mode select bit (bit 
6 at 030816). Also, set “O” in the timers A4, Ai, and A2-1 control bit (bit 1 at 030916). In this mode, the 
timer registers of timers A4, A1, and of A2 comprise conventional timers A4, A1, and A2 alone, and reload 
the corresponding timer register’s content to the counter every time the timer B2 counter’s content be- 
comes 000016. The effective interrupt output specification bit (bit 1 at 030816) and the effective interrupt 
output polarity select bit (bit O at 030816) go nullified. 
An example of U phase waveform is shown in Figure 75, and the description of waveform output workings 
is given below. Set “1” in DUO (bit 0 at 030A16), and set “O” in DUBO (bit 1 at O30A16). In addition, set “O” 
in DU1 (bit 0 at O30B16) and set “1” in DUB1 (bit 1 at 030B16). 
When the timber B2 counter’s content becomes 000016, timer B2 generates an interrupt, and timer A4 
starts outputting one-shot pulses at the same time. In this instance, the contents of the three-phase buffer 
registers DU1 and DUO are set in the three-phase output shift register (U phase), and the contents of 
DUB1 and DUBO are set in the three-phase output register (U phase). After this, the three-phase buffer 
register’s content is set in the three-phase shift register every time the timer B2 counter’s content be- 
comes 000016. 
The value of DUO and that of DUBO are output to the U terminal (P80) and to the U terminal (P81) 
respectively. When the timer A4 counter counts the value written to timer A4 (034F 16, 034E16) and when 
timer A4 finishes outputting one-shot pulses, the three-phase output shift register’s content is shifted one 
position, and the value of DU1 and that of DUB1 are output to the U phase output signal and to the U 
output signal respectively. At this time, one-shot pulses are output from the timer for setting dead time 
used for setting the time over which the “L” level of the U phase waveform doesn't lap over the “L” level of 
the U phase waveform, which has the opposite phase of the former. The U phase waveform output that 
started from the “H” level keeps its level until the timer for setting dead time finishes outputting one-shot 
pulses even though the three-phase output shift register’s content changes from “1” to “O "by the effect of 
the one-shot pulses. When the timer for setting dead time finishes outputting one-shot pulses, 0 already 
shifted in the three-phase shift register goes effective, and the U phase waveform changes to the “L” 
level. When the timer B2 counter’s content becomes 000016, the contents of the three-phase buffer 
registers DU1 and DUO are set in the three-phase shift register (U phase), and the contents of DUB1 and 
DUBO are set in the three-phase shift register (U phase) again. 
A U phase waveform is generated by these workings repeatedly. With the exception that the three-phase 
output shift register on the U phase side is used, the workings in generating a U phase waveform, which 
has the opposite phase of the U phase waveform, are the same as in generating a U phase waveform. In 
this way, a waveform can be picked up from the applicable terminal in a manner in which the “L” level of 
the U phase waveform doesn’t lap over that of the U phase waveform, which has the opposite phase of 
the U phase waveform. The width of the “L” level too can be adjusted by varying the values of timer B2 
and timer A4. In dealing with the V and W phases, and V and W phases, the latter are of opposite phase 
of the former, have the corresponding timers work similarly to dealing with the U and U phases to gener- 
ate an intended waveform. 
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A carrier wave of sawtooth waveform 


Carrier wave —_ 


Signal wave ~» 


Timer B2 


Data transfer is made from the three- 
phase buffer register to the three- 
phase shift register in step with the 
timing of the timer B overflow. 


' ' Interrupt occurres. 
Trigger signal for : : Rewriting the value of timer A4. 
timer Ai start : i : 
(timer B2 overflow 4 
signal) 


' : d : The three-phase 
Timer A4 output | ‘__ shift register 


se shifts in 
‘synchronization 
‘_ with the falling 


U phase output | | ! + edge of timer A4. 
signal ' H : ' : ‘ ' 1 4 


U phase 
output signal 


U phase 


U phase 


a . 
Pi ie 


oe 


Dead time 


Note: Set to sawtooth modulation mode and to three-phase mode 0. 


Figure 1.15.8. Timing chart of operation (2) 
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Setting “1” both in DUBO and in DUB1 provides a means to output the U phase alone and to fix the U 
phase output to “H” as shown in Figure 1.15.9. 


A carrier wave of sawtooth waveform 


Carrier wave —i_, 


Signal wave 


Timer B2 


:_ Interrupt occurres. Interrupt occurres. am: 
Rewriting the value of timer A4. Rewriting the value of timer A4. Shee fevreieier ine hes 
Trigger signal for : Rewriting three-phase} \ phase shift register in step with the 
timer Ai start : ‘ output buffer register : : timing of the timer B overflow. 
(timer B2 overflow | ‘ i ‘ I ; ot 
signal) 


The three-phase 
' i ' h ' ' shift register shifts 
Timer A4 output !___ in synchronization 
: ' ‘\ + V/with the falling 
f edge of timer A4. 


U phase 
output signal 


U phase 
output signal 


U phase 


U phase 


Dead time 


Note: Set to sawtooth modulation mode and to three-phase mode 0. 


Figure 1.15.9. Timing chart of operation (3) 


y MITSUBISHI 119 
ELECTRIC 


Mitsubishi microcomputers 


M16C/80 (100-pin version) group 
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


Serial I/O 


Serial I/O 


Serial I/O is configured as five channels: UARTO to UART4. 


UARTO to 4 


UARTO to UART4 each have an exclusive timer to generate a transfer clock, so they operate independently 


of each other. 


Figure 1.16.1 and 1.16.2 show the block diagram of UARTi (i=0 to 4). Figures 1.16.3 and 1.16.4 show the 


block diagram of the transmi 


t/receive unit. 


UARTI has two operation modes: a clock synchronous serial I/O mode and a clock asynchronous serial I/O 
mode (UART mode). The contents of the serial I/O mode select bits (bits 0 to 2 at addresses 036016, 
036816, 033816, 032816 and 02F816) determine whether UARTi is used as a clock synchronous serial I/O or 
as a UART. Although a few functions are different, UARTO to UART4 have almost the same functions. 

UART2 to UART4, in particular, are compliant with the SIM interface with some extra settings added in 
clock-asynchronous serial I/O mode (Note). It also has the bus collision detection function that generates 
an interrupt request if the TxD pin and the RxD pin are different in level. 
Table 1.16.1 shows the comparison of functions of UARTO to UART4, and Figures 1.16.5 through 1.16.11 


show the registers related to 
Note: SIM : Subscriber Ident 


UARTI. 
ity Module 


Table 1.16.1. Comparison of functions of UARTO to UART4 


Function 


CLK polarity selection 


Possible Note 1) 


Possible(\te 1) 


PossibldNe ") 


PossibleN°* 0) 


Possible\® 1) 


LSB first / MSB first selection 


Possible (Note 1) 


Possible(\ote 1) 


PossibldN* 2) 


Possible(N* ) 


Possible\® 2) 


Continuous receive mode 
selection 


Possible (Note 1) 


Possible! 1) 


PossibldN* ") 


Possible(N* ') 


Possible\® ‘) 


Transfer clock output from 
multiple pins selection 


Impossible 


Possible “te 1) 


Impossible 


Impossible 


Impossible 


Separate CTS/RTS pins 


Possible 


Impossible 


Impossible 


Impossible 


Impossible 


Serial data logic switch 


Impossible 


Impossible 


PossibleY® *) 


Note 4) 


Possible! 


Possible'N°! 4) 


Sleep mode selection 


Possible'N°e 8) 


Possible (Note 3) 


Impossible 


Impossible 


Impossible 


TxD, RxD I/O polarity switch 


Impossible 


Impossible 


Possible 


Possible 


Possible 


TxD, RxD port output format 


CMOS output 


CMOS output 


N-channel open 
drain output 


CMOS output 


CMOS output 


Parity error signal output 


Impossible 


Impossible 


PossibleY® *) 


Possible'N® 4) 


Possible'N*' " 


Bus collision detection 


Impossible 


Impossible 


Note 1: Only when clock synchronous serial I/O mode. 
Note 2: Only when clock synchronous serial I/O mode and 8-bit UART mode. 


Note 3: Only when UART mode. 
Note 4: Using for SIM interface. 
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Possible 


Possible 


Mitsubishi microcomputers 


M16C/80 (100-pin version) group 
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


Serial I/O 


(UARTO) 
RxDO © 


UART reception Receive 
Oo 


Clock source selection dure aan ‘ clock Transmit/ 
Bit rate Clock synchronous type commoner receive 


f1 ———o unit 


Internal 
fg ——o _— a generator 


UART transmission Transmit 
fs2 o 1/ (n0+ efi16 Qi Transmission clock 
External Clock synchronous type —o control circuit 


Clock synchronous type 
(when internal clock is selected) 


1/2 


Oo 


Clock synchronous type Clock synchronous type 
(when internal clock is selected) (when external clock is 


CLK selected) 
CLKO © Polarity <] 


reversing 
circuit 


CTS/RTS disabled 


CTS/RTS selected 
CTSO/ RTSO O oO 


° Vcc 


4 CTSI/RTS disabled 


Qo 
i CTS/RTS separated 


CTSO from UART1 


(UART1) 
RxD1 © 


UART reception Receive 


; 1/16 i Transmit/ 
Clock source selection ; Pete as receive 
5 Bit rate Clock synchronous type [f° ! unit 
N Internal generator a T 
UART transmission ' Transmit 
o— 1/(n1+1) F—|1/16 Qi Transmission clock 


External Clock synchronous type f° control circuit 


Clock synchronous type 
(when internal clock is selected) 


oa 5 
O 

Clock synchronous type Clock synchronous type 
(when internal clock is selected) (when external clock is 
selected) 


1/2 


CLK 
CLK1 O-| Polarity © 


reversing 
circuit | CTS/RTS disabled 


CTS1/RTS1 b ee oe separated { 


/CTSO/CLKS1 


RTS1 


Clock output pin Voc 
select switch b CTS/RTS disabled 
QO 


CTSo 


CTS1 


CTSO to UARTO 


(UART2) 
TxD 


RxD polarity i 
RxD2 © reversing circuit Deni 


UART reception : Receive circuit 
Clock source selection Reception | clock Transmit/ 
Bit rate Clock synchronous type -o | control circuit receive 


Internal generator unit 


UART transmission | Transmit 
o—| 1/(n2+1) | —« Transmission clock 
control circuit |—? 


External Clock synchronous type —o 


Clock synchronous type 


(when internal clock is selected) 
Q 
—~p —_] 


oO 
Clock synchronous type Clock synchronous type 
(when internal clock is selected) (when external clock is 


oa selected) 
polarity 
CLK2 OF reversing <{ 


circuit_| CTS/RTS CTS/RTS disabled 
selected 


CTS2/RTS2 © o-. 


Vcc 
e CTSIRTS disabled 
oO 


nO : Values set to UARTO bit rate generator (BRGO) 
ni : Values set to UART1 bit rate generator (BRG1) 
n2 : Values set to UART2 bit rate generator (BRG2) 


Figure 1.16.1. Block diagram of UARTi (i = 0 to 2) 
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Mitsubishi microcomputers 


M16C/80 (100-pin version) group 
Serial I/O SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


(UART3) 


RxD polarity ise 
R203 O—| ter eat |§ $$ a 


UART reception i circuit 
tne Pi 5 Receive 


Clock source selection : Reception | clock Transmit/ 
Bit rate Clock synchronous type -o control circuit receive 


Internal unit 
— generator — ; 
fs UART transmission Transmit 


o-| 1/(n2+1) 1/16 Transmission | | clock 


External Clock synchronous type control circuit 


Clock synchronous type 
(when internal clock is selected) 


O 

“—~o— 
O 

Clock synchronous type Clock synchronous type 

(when internal clock is selected’ (when external clock is 


CLK selected) 
CLK3O polarity <| 
reversing 


circuit_| CTS/RTS GTS/RTS disabled 
selected 


CTS3/RTS3O oO 


Vec 
CTS/RTS disabled 


(UART4) 


RxD polarity ye 
ru040 Le 


circuit 


UART reception : 
i 1g ° Reception oer i 
Clock source selection ° ie ion | clock Transmit/ 
Bit rate Clock synchronous type ;-° contronereult receive 


H 
f 
i ; 
Internal generator unit 
f 
i 


fg ——O yo 6 


UART transmission Transmit 
~ 1/(n2+1) -—e41/16 Transmission |_. clock 
= con 


rol circuit 
External Clock synchronous type —o 


Clock synchronous type 
(when internal clock is selected) 
re) 


“—~o—— 
O 

Clock synchronous type Clock synchronous type 
CLK (when internal clock is selected) (when external clock is 


pialarity selected) 
CLK4AO, reversing <{ 


circuit | CTS/RTS CTS/RTS disabled 
selected 


CTS4/RTS4O: oO 


RTS4 


Vec 
@ STSATS disabled 


Oo 


n3 : Values set to UARTS bit rate generator (BRG3) 
n4 : Values set to UART4 bit rate generator (BRG4) 


Figure 1.16.2. Block diagram of UARTIi (i = 3, 4) 
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Mitsubishi microcomputers 


M16C/80 (100-pin version) group 
Serial /O SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


Clock 
synchronous type 


UART (7 bits) 
Clock UART (8 bits) 
PAR synchronous UART (7 bits) UARTI receive register 
disabled |'YP® 
O 


Lo 


O .@) 

PAR 

enabled DART UART (9 bits) 
Clock 
synchronous type 


UART (8 bits) 
UART (9 bits) 


UARTI receive 


| D7 : De ; Ds | Da Ds } D2 Di | buffer register 


Address 036616 
MSB/LSB conversion circuit Address 036716 
Address 036E16 
Data bus high-order bits 


Address 036F 16 


Data bus low-order bits 


MSB/LSB conversion circuit 


| D7: De: Ds: Dai Ds} D2: D1: UARTI transmit 


buffer register 


Address 036216 
Address 036316 
Address 036A16 
UART (8 bits) Address 036B16 
UART (9 bits) 


Clock synchronous 
type 


_ H+ HHH 


synchronous UART (7 bits) UARTI transmit register 


type UART (7 bits) 
UART (8 bits) 


UART (9 bits) 


PAR 
enabled UART 
Io Oo 


0” F SP: Stop bit 
oe PAR: Parity bit 


Figure 1.16.3. Block diagram of UARTi (i = 0, 1) transmit/receive unit 
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Mitsubishi microcomputers 


M16C/80 (100-pin version) group 
Serial I/O SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


No reverse 


RxD data Q iy 
| i O 
reverse circuit Ravarsé 


Clock 
synchronous type 


UART 
(7 bits) 


UART ee : 
cynahvonGus (8 bits) UART(7 bits) UARTI receive register 
vieabled type 
[s° | +fran| os 


PAR UART Clock 
enabled A synchronous type 


UARTI receive 
buffer register 


Address 033E16 


Logic reverse circuit + MSB/LSB conversion circui Address 033F 16 
ogic reverse circuit + MSB/LSB conversion circuit Mddioce 0236 
Address 032F16 


5 5 Address 02FE16 
Data bus high-order bits Address 02FF16 


—- 


Data bus low-order bits 


Logic reverse circuit + MSB/LSB conversion circuit 


7: De: Ds: Da: : De } : UART2 transmit 
: : - : : - buffer register 


Address 033A16 
Address 033B16 
Address 032A16 
Address 032B16 
Address 02FA16 
(9 bits) Address 02FB16 


UART Clock 
PAR (9 bits) synchronous type 
enabled = YART 
-————_o 


Q 
So] 
) 


———o 


Clock 
Feestad: evnchronols eae) UART(7 bits) UARTI transmit register 
ty I 


UART 
(8 bits) 


Clock 
synchronous type 


“or 


Error signal output 
disable i No reverse 


Lo Error signal oe TxD data © TxDi 
°~T output circuit O— reverse circuit 


Error signal output Reverse 
enable 


SP: Stop bit 
PAR : Parity bit 
i :2to4 


Figure 1.16.4. Block diagram of UARTIi (i = 2 to 4) transmit/receive unit 
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Mitsubishi microcomputers 


M16C/80 (100-pin version) group 
Serial me) SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


7 i H Address When reset 
UARTI transmit buffer register 036316, 036216 ihdeteuntacts 
(bts 5) (b8) 


bO. b7 036B16, 036A16 Indeterminate 
033Bi6, 033A16 Indeterminate 
032Bi6, 032At16 Indeterminate 
O2FBie, O2FAi6 Indeterminate 


Function 
Transmit data 


Nothing is assigned. 
When write, set "0". When read, their contents are indeterminate. 


UARTI receive buffer register Symbol Address When reset 
(b8) UORB 036716, 036616 Indeterminate 
bO_b7 U1RB 036F 16, O36E16 Indeterminate 

U2RB 032Fi6, 032E16 Indeterminate 
U3RB 032Fi6, O32E16 Indeterminate 
U4RB ~— O2FF 6, O2FE16 Indeterminate 


: Function Function 
Bit name (During clock synchronous | (During UART mode) 
serial I/O mode) 


Receive data Receive data 


Nothing is assigned. 
When write, set "0". When read, the value of these bits is “0”. 


ABT | Arbitration lost detecting 0 : Not detected Invalid 
flag (Note 2) 1 : Detected 


OER_ | Overrun error flag (Note 1) | 0 : No overrun error 0 : No overrun error 
1 : Overrun error found 1: Overrun error found 


FER Framing error flag (Note 1) | Invalid i No framing error 
: Framing error found 


PER |Parity error flag (Note 1) Invalid No parity error 

: Parity error found 
SUM _ | Error sum flag (Note 1) Invalid i No error 

: Error found 


Note 1: Bits 15 through 12 are set to “0” when the serial I/O mode select bit (bits 2 to 0 at addresses 
036016, 036816, 033816, 032816 and 02F 816) are set to “0002” or the receive enable bit is set to 
“0”. 
(Bit 15 is set to “O” when bits 14 to 12 all are set to “O”.) Bits 14 and 13 are also set to “0” 
when the lower byte of the UARTIi receive buffer register (addresses 036616, O36E16, 033E16, 
032E16 and 02FE%6) is read out. 

Note 2: Arbitration lost detecting flag is allocated to U2RB, U3RB and U4RB and noting but “O” may 
be written. Nothing is assigned in bit 11 of UORB and U1RB. When write, set "0". When read, 
the value of this bit is “O”. 


7 hi Symbol Address When reset 
UARTI bit rate generator UOBRG 036116 Indeterminate 


bO U1BRG 036916 Indeterminate 
U2BRG 033916 Indeterminate 
U3BRG 032916 Indeterminate 
U4BRG 02F 916 Indeterminate 


Function Values that can be set 


Assuming that set value = n, BRGi divides the count source by 0016 to FFie 
n+1 


Figure 1.16.5. Serial l/O-related registers (1) 
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Mitsubishi microcomputers 


M16C/80 (100-pin version) group 
Serial I/O SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


UARTI transmit/receive mode register 


b7_b6 b5 b4 b3 b2 bi _b0 Symbol Address When reset 
UiMR(i=0,1) 036016, 036816 0016 


; Function 
Bit . _ Function i 
Bit name (During clock ce eg Riw 


Must be fixed to 001 

b2b1 b0 : Transfer data 7 bits long 
000: Serial I/O invalid 7] : Transfer data 8 bits long 
0 10: Inhibited : Transfer data 9 bits long 
0 
1 


SMDO | Serial I/O mode select bit 


: Inhibited : Serial I/O invalid 
: Inhibited J : Inhibited 
: Inhibited 
: Inhibited 


CKDIR | Internal/external clock : Internal clock - Internal clock 
select bit : External clock (Note 2) : External clock 

STPS | Stop bit length select bit | Invalid i. One stop bit 
: Two stop bits 


PRY | Odd/even parity select bit} Invalid Valid when bit 6 = “1” 
0 : Odd parity 
1 : Even parity 


11 
11 


PRYE | Parity enable bit Invalid 0 : Parity disabled 
1: Parity enabled 


SLEP | Sleep select bit Must always be “O” 0 : Sleep mode deselected 
1: Sleep mode selected 


Note 1: Select CLK output by the corresponding function select registers A, B and C. 
Note 2: Set the corresponding function select register A to the I/O port. 


UARTI transmit/receive mode register 


b7 b6 b5 b4 b3_b2 bt _b0 Symbol Address When reset 
UIMR (i=2 to 4) 033816, 032816, 0O2F816 0016 


Function 
Bit name (During clock synchronous 
serial I/O mode) 


Function 
(During UART mode) 


SMDO : ; i 
Serial I/O mode select bit pene fixed to 001 : Transfer data 7 bits long 


Cari Sali | : Transfer data 8 bits long 
oo8 F Sona Uinald : Transfer data 9 bits long 

: (Note) : : ; ‘ 

Sahih; : Serial I/O invalid 

: Inhibited : Inhibited 

: Inhibited oe 


(as 4 : Inhibited 
CKDIR | Internal/external clock oe Internal clock 
select bit : External clock (Note 3) 


: Inhibited 
STPS | Stop bit length select bit | Invalid 0 : One stop bit 
1: Two stop bits 


PRY |Odd/even parity select bit] Invalid Valid when bit 6 = “1” 
. Odd parity 
: Even parity 


PRYE | Parity enable bit Invalid be Parity disabled 
: Parity enabled 


IOPOL | TxD, RxD I/O polarity 0 : No reverse 0 : No reverse 
reverse bit 1: Reverse 1: Reverse 


Usually set to “0” Usually set to “0” 


Note 1: Bit 2 to bit 0 are set to “0102” when I2C mode is used. 
Note 2: Select CLK output by the corresponding function select registers A, B and C. 
Note 3: Set the corresponding function select register A to the I/O port. 


Figure 1.16.6. Serial l/O-related registers (2) 
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Mitsubishi microcomputers 


M16C/80 (100-pin version) group 
Serial /O SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


UARTI transmit/receive control register 0 
b7 b6 b5 b4 b3 b2 b1 b0 
Symbol Address When reset 
UiCO(i=0,1) 036416, 036C16 0816 


: Function : 
Bit ; P Function 
Bit name (During clock synchronous : 
eymbel tvs | serial /O mode (Dunne WARY mode) 


b1 bO b1 bO 
BRG count source 00:ftis selected 00: fi is selected 
select bit 01:fsis selected 01: fsis selected 
10: fs2is selected 10: f32is selected 
1 : Inhibited 11: Inhibited 


Valid when bit 4 = “0” Valid when bit 4 = “0” 
0 : CTS function is selected (Note 1) | 0 : CTS function is selected (Note 1) 
1: RTS function is selected (Note 2) | 1 : RTS function is selected (Note 2) 


0 : Data present in transmit 
register (during transmission) 

1 : No data present in transmit 
register (transmission 
completed) 


: CTS/RTS function enabled : CTS/RTS function enabled 
: CTS/RTS function disabled : CTS/RTS function disabled 


: Data present in transmit register 
(during transmission) 

: No data present in transmit 
register (transmission completed) 


: TXDi pin is CMOS outpu : TXDi pin is CMOS output 
: TXDi pin is N-channel : TXDi pin is N-channel 
open drain output open drain output 


: Transmit data is output a Must always be “0” 
falling edge of transfer clock 
and receive data is input at 
rising edge 
: Transmit data is output a’ 
rising edge of transfer clock 
and receive data is input at 
falling edge 


UFORM |Transfer format select bit | 0 : LSB first 
1: MSB first 


Note 1: Set the corresponding function select register A to I/O port, and port direction register to “0”. 
Note 2: Select RTS output using the corresponding function select registers A and B. 


Must always be “0” 


UART2 transmit/receive control register 0 
b7 b6 b5 b4 b3 b2 bi b0 


Symbol Address When reset 
U2C0 033C16 0816 


Function ae 
i Function i 
serial /O mode (During UART mode) Ee 


b1 bO b1 bO 
| cuxo | Bac count source 00:f1is selected 00: f1is selected 


| cua | ane. bit 01:fsis selected 01: fsis selected 
10: fs2is selected 10: f32is selected 
1 : Inhibited 11: Inhibited 


ATaipTe . Valid when bit 4 = “O” Valid when bit 4 = “O” 
CTS/RTS function 0 : CTS function is selected (Note 1) | 0 : CTS function is selected (Note 1) 
select bit 1: RTS function is selected (Note 2) | 4 : RTS function is selected (Note 2) 


‘ F 0 : Data present in transmit 
TXEPT | Transmit register empty register (during transmission) 


flag 1 : No data present in transmit 
register (transmission 
completed) 


CTS/RTS di : 0 : CTS/RTS function enabled i CTS/RTS function enabled 
han) adibabiens 1: CTS/RTS function disabled : CTS/RTS function disabled 


Nothing is assigned. 
When write, set “O”. When read, the value of this bit is “O”. 


0 : Data present in transmit register 
(during transmission) 
: No data present in transmit 
register (transmission completed) 


A . 0: Transmit data is output at “an 
CKPOL | CLK polarity select bit falling edge of transfer clock Must always be “0 


and receive data is input at 
rising edge 

1: Transmit data is output at 
rising edge of transfer clock 
and receive data is input at 
falling edge 


UFORM |Transfer format select bit | 0 : LSB first 0: LSB first 
(Note 3) 1: MSB first 1: MSB first 


Note 1: Set the corresponding function select register A to I/O port, and port direction register to “0”. 
Note 2: Select RTS output using the corresponding function select registers A and B. 
Note 3: Only clock synchronous serial I/O mode and 8-bit UART mode are valid. 


Figure 1.16.7. Serial l/O-related registers (3) 
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M16C/80 (100-pin version) group 
Serial I/O SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


UARTI transmit/receive control register 0 
b7 b6 b5 b4 b3 b2 bi b0 

ae Address When reset 
UiCO(i= 032C16, 0O2FC16 0816 


Function 
Function 
Bit name (During clock synchronous (During UART mode) R w 
serial I/O mode) 


b1 bO b1 bo 
BRG count source 00:f1is selected 00:f1is selected 
select bit 01:fsis selected 01:fsis selected 
10: f32is selected 10: f32is selected 
1: Inhibited 11: Inhibited 


eiSinie F Valid when bit 4 = “0” Valid when bit 4 = “0” 
ote el) luneipe 0 : CTS function is selected (Note 1) | 0 : CTS function is selected (Note 1) 
select bit 1: RTS function is selected (Note 2) | 1 : RTS function is selected (Note 2) 


0 : Data present in transmit 
register (during transmission) 

: No data present in transmit 
register (transmission 
completed) 


Transmit register empty 
flag 1 


0 : Data present in transmit register 
(during transmission) 

1 : No data present in transmit 
register (transmission completed) 


ATOIRTS qi . : CTS/RTS function enabled | 0: CTS/RTS function enabled 
CTS/ATS disable bit : CTS/RTS function disabled | 1: CTS/RTS function disabled 


D | i : TXDi pin is CMOS outpu 0: TXDi pin is CMOS output 
ela Ulapunse leek : TXDi pin is N-channel 1: TXDi pin is N-channel 
open drain output open drain output 


, F : Transmit data is output a’ Must always be “0” 
CLK polarity select bit falling edge of transfer clock 


and receive data is input at 
rising edge 

: Transmit data is output ai 
rising edge of transfer clock 
and receive data is input at 
falling edge 


UFORM |Transfer format select bit | 0 : LSB first 0: LSB first 
(Note 3) 1: MSB first 1: MSB first 
Note 1: Set the corresponding function select register A to I/O port, and port direction register to “0”. 
Note 2: Select RTS output using the corresponding function select registers A and B. 
Note 3: Valid only in clock syncronous serial I/O mode and 8 bits UART mode. 


Figure 1.16.8. Serial l/O-related registers (4) 
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Mitsubishi microcomputers 


M16C/80 (100-pin version) group 
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


Serial I/O 


UARTIi transmit/receive control register 1 


b7 b6 bS b4 b3 b2 b1 bO 


Symbol Address 


UiC1(i=0,1) 


036516,036D16 


When reset 
0216 


Function 


(During clock synchronous 


Transmit buffer 
empty flag 


serial I/O mode) 


0 : Data present in 


transmit buffer register 


1 : No data present in 


Receive complete flag 


1 


transmit buffer register 


0 : No data present in 


receive buffer register 


: Data present in 


receive buffer register 


Function 
(During UART mode) 


0 : Data present in 


transmit buffer register 


1 : No data present in 


transmit buffer register 


0 : No data present in 


1 


receive buffer register 


: Data present in 


receive buffer register 


Nothing is assigned. 


When write, set "0". When read, the value of these bits is “O”. 


UARTIi transmit/receive control register 1 


b7 b6 bS b4 b3 b2 bi b0 


Symbol 
UiC1 (i=2 to 4) 


Address When reset 


033D16, 032D16, O2FD16 0216 
Function 
Bit _ Function 
CebisiOma | era UR nom i 
Ba enable bit 0: Transmission disabled | 0: Transmission disabled 
1 : Transmission enabled 1 : Transmission enabled 


Transmit buffer 
empty flag 


0 : Data present in 
transmit buffer register 

1 : No data present in 
transmit buffer register 


0 : Data present in 
transmit buffer register 

1: No data present in 
transmit buffer register 


Receive complete flag 0 : No data present in 
receive buffer register 
1 : Data present in 1 


receive buffer register 


0 : No data present in 
receive buffer register 

: Data present in 
receive buffer register 


UiIRS | UARTI transmit interrupt 
cause select bit 


0: Transmit buffer empty 
(Tl = 1) 

1: Transmit is completed 
(TXEPT = 1) 


0 : Transmit buffer empty 
(Tl = 1) 

1: Transmit is completed 
(TXEPT = 1) 


UiIRRM | UARTI continuous 
receive mode enable bit 


0 : Continuous receive 
mode disabled 

1 : Continuous receive 
mode enabled 


UiLCH | Data logic select bit 0 : No reverse 0 : No reverse 
1 : Reverse 1 : Reverse 
UiERE | Error signal output Must be fixed to “0” 0 : Output disabled 
enable bit 1 : Output enabled 


Must be fixed to “0” 


Figure 1.16.9. Serial I/O-related registers (5) 
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M16C/80 (100-pin version) group 
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


Serial I/O 


UART transmit/receive control register 2 


b7 b6 bS b4 b3 b2 bi bO 


Symbol 
UCON 


Address 
037016 


When reset 
X00000002 


Bit name 


UOIRS | UARTO transmit 


interrupt cause select bit 


Function 
(During clock synchronous 
serial l/O mode 


0 : Transmit buffer empty (TI = 1) 


: Transmission completed 
(TXEPT = 1) 


Function 
(During UART mode) 


: Transmit buffer empty (TI = 1) 
: Transmission completed 


(TXEPT = 1) 


UART1 transmit 
interrupt cause select bit 


UARTO continuous 
receive mode enable bit 


0 : Transmit buffer empty (TI = 1) 


: Transmission completed 
(TXEPT = 1) 


: Continuous receive 
mode disabled 


: Transmit buffer empty (TI = 1) 
: Transmission completed 


(TXEPT = 1) 


: Continuous receive 
mode enable 


: Continuous receive 
mode disabled 

: Continuous receive 
mode enabled 


UART1 continuous 
receive mode enable bit 


Must be fixed to “O” 


Nothing is assigned. 
When write, set "0". When read, its content is indeterminate. 


RCSP | Separate CTS/RTS bit 0: CTS/RTS shared pin 


CIS/RTS : CTS/RTS shared pin 
1: CTS/RTS separated 


: CTS/RTS separated 


Nothing is assigned. 
When write, set "0". When read, its content is indeterminate. 


Note: When using multiple pins to output the transfer clock, the following requirements must be met: 
* UART1 internal/external clock select bit (bit 3 at address 036816) = “0”. 


UARTIi special mode register 


b7 b6 b5 b4 b3 b2 b1 b0 
Symbol 
UiSMR (i=2 to 4) 


Address When reset 
033716, 032716, 02F716 0016 


Function 
Bit ‘ _ Function 
Ougcorsmearevs | (Duing UART mode) 
ae IIC mode select bit ie Normal mode 
: IC mode 

Arbitration lost detecting | 0 : Update per bit Must always be “0” 
flag control bit 1 : Update per byte 

BBS Bus busy flag 0: STOP condition detected Must always be “0” 

1: START condition detected 

LSYN | SCLL sync output 0 : Disabled Must always be “0” 

enable bit 1: Enabled 


ABSCS | Bus collision detect Must always be “O” 
sampling 
clock select bit 


meena” always be “0” 


0 : Rising edge of transfer clock 
1: Underflow signal of timer Ai 
(Note 2) 


0: No auto clear function 
select bit of transmit 1: Auto clear at occurrence of 
enable bit bus collision 


iti Must always be “0” 0 : Ordinary 
select it ail . feat — cain 


Auto clear function Must always be “0” 


Nothing is assigned. 
When write, set "0". When read, its content is indeterminate. 


Note 1: Nothing but "0" may be written. 
Note 2: UART2 : timer AO underflow signal, UARTS : timer A3 underflow signal, UART4 : timer A4 
underflow signal. 


Figure 1.16.10. Serial I/O-related registers (6) 
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UARTi special mode register 2 


b7_b6_bS_b4 b3 b2 bi _ b0 Symbol Address When reset 
UiSMR2 (i=2 to 4) 033616, 032616, 02F616 0016 


Bit Bit name Function R'w 
symbol ' 


IIC mode select bit 2 0 : NACK/ACK interrupt 

DMA source - ACK 
Transfer to receive buffer at the rising edge of 
last bit of receive clock 
Receive interrupt is occurred at the rising 
edge of last bit of receive clock 

: UART transfer/receive interrupt 
DMA source - UART receive 
Transfer to receive buffer at the falling edge 
of last bit of receive clock 
Receive interrupt is occurred at the falling 
edge of last bit of receive clock 


CSC_ | Clock synchronous bit 0 : Disabled 
1: Enabled 
SWC | SCL wait output bit 0: Disabled 
1: Enabled 
ALS | SDA output stop flag 0 : Disabled 
1 : Enabled 
STC_ | UARTiI initialize bit : : Disabled 
: Enabled 
SWC2 | SCL wait output bit 2 o UARTI clock 
: 0 output 
SDHI | SDA output inhibit bit Me Enabled 
: Disabled (high impedance) 
SHTC | Start/stop condition Must set to "1" in selecting lIC mode. 
control bit 


Figure 1.16.11. Serial l/O-related registers (7) 
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UART2 special mode register 3 


b7_b6 bS5 b4 b3 b2 bi _ b0 
Symbol Address When reset 


U2SMR3 033516 O00XXXXX2 


Nothing is assigned. 
This bit can neither be set nor reset. When read, its content is indeterminate. 


SDAa2(TxD2) digital b7 b6 bS 
delay time set bit 000:Without delay 


(Note 1,2) 


eee ee 


111:8-cycle of 1/f(XIN) 
Note 1: These bits are used for SDA2(TxD2) output digital delay when using UART2 for IIC interface. 
Otherwise, must set to "000". 
Note 2: When external clock is selected, delay is increased approx. 100ns. 


UARTi special mode register 3 (i=3,4) 

b7_ b6 b5 b4 b3_ b2 bi bd Symbol Address When reset 
U3SMR3 032516 000000002 
U4SMR3 02F516 000000002 


SSE SS port function enable bit | 0: SS function disable leye) 
(Note 3) | 1: SS function enable 
Clock phase set bit 0: Without clock delay 


Serial input port set bit 0: Select TxDi and RxDi 
(master mode) (Note 5) 
1: Select STxDi and SRxDi 
(slave mode) (Note 6) 


; 0: CLKi is CMOS output 
NODC Clock output select bit 1: CLKi is N-channel open drain 
output 
ERR 0: Without fault error 
PEAR | sane tae 1: With fault error 


SDAi(TxD2) digital b7b6bS 
DLO delay time set bit 000 :Without delay 


(Note 1,2) 001 :2-cycle of 1/f(XIN) 
010 :3-cycle of 1/f(XIN) 
011 :4-cycle of 1/f(XIN) 
100 :5-cycle of 1/f(XIN) 
101 :6-cycle of 1/f(XIN) 
110 :7-cycle of 1/f(XIN) 
111 :8-cycle of 1/f(XIN) 


Note 1: These bits are used for SDA2(TxD2) output digital delay when using UART2 for I2C interface. 
Otherwise, must set to "000". 

Note 2: When external clock is selected, delay is increased approx. 100ns. 

Note 3: Set SS function after setting CTS/RTS disable bit (bit 4 of UARTI transfer/receive control 
register 0) to "1". 

Note 4: Nothing but "0" may be written. 

Note 5: Set CLKi and TxDi both for output using the CLKi and TxDi function select register A. Set the 
RxDi function select register A for input/output port and the port direction register to "0". 

Note 6: Set STxDi for output using the STxDi function select registers A and B. Set the CLKi and 
SRxDi function select register A for input/output port and the port direction register to "0". 


Figure 1.16.12. Serial I/O-related registers (8) 
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(1) Clock synchronous serial I/O mode 


The clock synchronous serial I/O mode uses a transfer clock to transmit and receive data. Tables 1.17.1 
and 1.17.2 list the specifications of the clock synchronous serial I/O mode. Figure 1.17.1 shows the 
UARTI transmit/receive mode register. 


Table 1.17.1. Specifications of clock synchronous serial I/O mode (1) 
Transfer data format ¢ Transfer data length: 8 bits 
Transfer clock ¢ When internal clock is selected (bit 3 at addresses 036016, 036816, 033816, 
032816, 02F816 = “O”) : fi/ 2(n+1) (Note 1) fi = f1, f8, [382 
— CLK is selected by the corresponding port function select register, periph- 
eral function select register and peripheral subfunction select register. 
« When external clock is selected (bit 3 at addresses 036016, 036816, 033816 , 
032816, 02F816= “1”) : Input from CLKi pin 
— Set the corresponding function select register A to I/O port 
Transmission/reception control | * CTS function/RTS function/CTS, RTS function chosen to be invalid 
Transmission start condition | * To start transmission, the following requirements must be met: 
— Transmit enable bit (bit 0 at addresses 036516, 036D16, 033D16, 032D16, 02FD16) = “1” 
— Transmit buffer empty flag (bit 1 at addresses 036516, 036D16, 033D16, 032D16, 02FD16) = “0” 
—When CTS function selected, CTS input level = “L” 
— CLK selected by the corresponding port function select register, peripheral 
function select register and peripheral subfunction select register. 
* Furthermore, if external clock is selected, the following requirements must 
also be met: 
— CLKi polarity select bit (bit 6 at addresses 036416, 036C16, 033C16, 
032C16, 02FC16) = “0”: CLKi input level = “H” 
— CLKi polarity select bit (bit 6 at addresses 036416, 036C16, 033C16, 
032C16, 02FC16) = “1”: CLKi input level = “L” 
Reception start condition |* To start reception, the following requirements must be met: 
— Receive enable bit (bit 2 at addresses 036516, 036D16, 033D16, 032D16, 02FD16) = “1” 
— Transmit enable bit (bit 0 at addresses 036516, 036D16, 033D16, 032D16, 02FD16) = “1” 
— Transmit buffer empty flag (bit 1 at addresses 036516, 036D16, 033D16, 032D16, 02FD16) = “0” 
¢ Furthermore, if external clock is selected, the following requirements must 
also be met: 
— CLKi polarity select bit (bit 6 at addresses 036416, 036C16, 033C16, 
032C16, 02FC16) = “0”: CLKi input level = “H” 
— CLKi polarity select bit (bit 6 at addresses 036416, 036C16, 033C16, 
032C16, 02FC16) = “1”: CLKi input level = “L” 
Interrupt request ¢ When transmitting 
generation timing — Transmit interrupt cause select bit (bits 0, 1 at address 037016, bit 4 at address 
033D16, 032D16, 0O2FD16) = “0”: Interrupts requested when data transfer from 
UARTI transfer buffer register to UARTi transmit register is completed 
— Transmit interrupt cause select bit (bits 0, 1 at address 037016, bit 4 at 
address 033D16, 0382D16, 0O2FD16) = “1”: Interrupts requested when data 
transmission from UARTIi transfer register is completed 
¢ When receiving 
— Interrupts requested when data transfer from UARTI receive register to 
UARTI receive buffer register is completed 
Note 1: “n” denotes the value 0016 to FF 16 that is set to the UART bit rate generator. 


Note 2: If an overrun error occurs, the UARTIi receive buffer will have the next data written in. Note also that 
the UARTIi receive interrupt request bit is not set to “1”. 
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Table 1.17.2. Specifications of clock synchronous serial I/O mode (2) 
Error detection * Overrun error (Note 2) 
This error occurs when the next data is ready before contents of UARTIi 
receive buffer register are read out 
Select function * CLK polarity selection 
Whether transmit data is output/input at the rising edge or falling edge of the 
transfer clock can be selected 
¢ LSB first/MSB first selection 
Whether transmission/reception begins with bit 0 or bit 7 can be selected 
* Continuous receive mode selection 
Reception is enabled simultaneously by a read from the receive buffer register 
¢ Transfer clock output from multiple pins selection (UART1) (Note) 
UART1 transfer clock can be chosen by software to be output from one of 
the two pins set 
* Separate CTS/RTS pins (UARTO) (Note) 
UARTO CTS and RTS pins each can be assigned to separate pins 
¢ Switching serial data logic (UART2 to UART4) 
Whether to reverse data in writing to the transmission buffer register or 
reading the reception buffer register can be selected. 
« TxD, RxD I/O polarity reverse (UART2 to UART4) 
This function is reversing TxD port output and RxD port input. All I/O data 
level is reversed. 


Note: The transfer clock output from multiple pins and the separate CTS/RTS pins functions cannot be 
selected simultaneously. 
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UARTI transmit/receive mode registers 


b7 b6 bS5 b4 b3 b2 bi b0 


Symbol Address When reset 
fo} | | | fofolt| UiMR(i=0,1) 036016, 036816 0016 


Serial I/O mode select bit | °°°'”° 


| oo 
001 : Clock synchronous serial exe) 
loo] 


I/O mode 


CKDIR Internal/external clock 0 : Internal clock 
select bit 1 : External clock (Note 2) 
STPS 


Invalid in clock synchronous serial I/O mode 


PRYE 


SLEP 0 (Must always be “0” in clock synchronous serial I/O mode) 


Note 1: Select CLK output by the corresponding function select registers A, B and C. 
Note 2: Set the corresponding function select register A to the I/O port. 


UART2 transmit/receive mode register 


b7 b6 bS5 b4 b3 b2 bil 


Symbol Address When reset 
roy TT] loloi UiIMR (i=2 to 4) 033816, 032816, 02F816 0016 


b2 b1 bO 


001 : Clock synchronous serial 
/O mode 


0 : Internal clock 
1 : External clock (Note 3) 


TxD, RxD I/O polarity No reverse 
reverse bit (Note) : Reverse 


Note 1: Usually set to “O”. 
Note 2: Select CLK output by the corresponding function select registers A, B and C. 
Note 3: Set the corresponding function select register A to the I/O port. 


Figure 1.17.1. UARTi transmit/receive mode register in clock synchronous serial I/O mode 
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Table 1.17.3 lists the functions of the input/output pins during clock synchronous serial I/O mode. This 
table shows the pin functions when the transfer clock output from multiple pins and the separate CTS/ 
RTS pins functions are not selected. Note that for a period from when the UARTIi operation mode is 
selected to when transfer starts, the TxDi pin outputs a “H”. (If the N-channel open drain is selected, this 
pin is in floating state.) 


Table 1.17.3. Input/output pin functions in clock synchronous serial I/O mode 


TxDi Serial data output (Outputs dummy data when performing reception only) 
(P63, P67, P70, | (Note 1) 
P92, P96) 


RxDi Serial data input Port P62, P66, P71, P91 and P97 direction register (bits 2 and 6 at address 
(P62, P66, P71, | (Note 2) 03C216, bit 1 at address 03C316, bit 1 and 7 at address 03C716)= “0” 
P91, P97) (Can be used as an input port when performing transmission only) 


CLKi Transfer clock output Internal/external clock select bit (bit 3 at addresses 036016, 036816, 
(P61, P65, P72, | (Note 1) 033816, 032816, 02F816) = “0” 
Cum) Internal/external clock select bit (bit 3 at addresses 036016, 036816 
ie lala 033816, 032816, 02F816) = “1” 
Port P61, P65, P72, P90 and P95 direction register (bits 1 and 5 at address 
03C216, bit 2 at address 03C316, bit 0 and 5 at address 03C716) = “0” 


CTSi/RTSi CTS input CTS/RTS disable bit (bit 4 at addresses 036416, 036C16, 033C16, 032C16, 
(P60, P64, P73, | (Note 2) 02FC16) =“0" 

P93, P94) CTS/RTS function select bit (bit 2 at addresses 036416, 036C16, 033C16, 
032C16, 02FC16) = “0” 

Port P60, P64, P73, P93 and P94 direction register (bits 0 and 4 at address 
03C216, bit 3 at address 03C316, bits 3 and 4 at address 03C716) = “0” 


RTS output (Note 1) CTS/RTS disable bit (bit 4 at addresses 036416, 036C16, 033C16, 
032C 16, 02FC16) = “0” 
CTS/RTS function select bit (bit 2 at addresses 036416, 036C16, 033C16, 
032C16, 02FC16) = “1” 


Programmable I/O port | CTS/RTS disable bit (bit 4 at addresses 036416, 036C16, 033C16, 
(Note 2) 032C16, 02FC16) = “1” 


(when transfer clock output from multiple pins and separate CTS/RTS pins functions are not selected) 

Note 1: Select TxD output, CLK output and RTS output by the corresponding function select registers A, B 
and C. 

Note 2: Select I/O port by the corresponding function select register A. 
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¢ Example of transmit timing (when internal clock is selected) 


Transfer clock 


Transmit enable : 
bit (TE) “o” ‘Data is set in UARTIi transmit buffer register 


Transmit buffer 
empty flag (TI) 
Transferred from UARTI transmit buffer register to UARTi transmit register 


CTSi 
Stopped pulsing because CTS = “H” Stopped pulsing because transfer enable bit = “O” 
CLKi 


1 COQHOHOOTCIOHOOHOHOOE_OOOHHOHE 
maser enoy 


Transmit interrupt “1” 
request bit (IR) 


‘ a 


Cleared to “0” when interrupt request is accepted, or cleared by software 
Shown in (_) are bit symbols. 


The above timing applies to the following settings: Tc = TCLK = 2(n + 1) /fi 
+ Internal clock is selected. fi: frequency of BRGi count source (f1, f8, £32) 
* CTS function is selected. n: value set to BRGi 
* CLK polarity select bit = “O”. 
¢ Transmit interrupt cause select bit = “O”. 


« Example of receive timing (when external clock is selected) 


“4? 
Receive enable | 
bit (RE) “Oo” : 


“yn 
Transmit enable | ; 
bit (TE) “0” Dummy data is set in UARTIi transmit buffer register 


Transmit buffer i 
empty flag (TI) y 


| Transferred from UARTI transmit buffer register to UARTI transmit register 


of 1 / fext 
CLKi Q 


Receive data is taken in 


RTSi 


RxDi 


Transferred from UARTI receive register Read out from UARTI receive buffer register 


Receive complete 1 to UARTI receive buffer register 


flag (RI) 


Receive interrupt “1” | 
request bit (IR) “0” 
Cleared to “O” when interrupt request is accepted, or cleared by software 


Shown in (_) are bit symbols. 


The above timing applies to the following settings: Meet the following conditions are met when the CLKi 
« External clock is selected. input before data reception = “H” 
* RTS function is selected. ¢ Transmit enable bit — “1” 
* CLK polarity select bit = “O”. * Receive enable bit > “1” 
« Dummy data write to UARTi transmit buffer register 
fEXT: frequency of external clock 


Figure 1.17.2. Typical transmit/receive timings in clock synchronous serial I/O mode 


MITSUBISHI 
nm ELECTRIC 137 


Mitsubishi microcomputers 


M16C/80 (100-pin version) group 
Clock synchronous serial |/O mode SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


(a) Polarity select function 


As shown in Figure 1.17.3, the CLK polarity select bit (bit 6 at addresses 036416, 036C16, 033C16, 
032C16, 02FC16) allows selection of the polarity of the transfer clock. 


* When CLK polarity select bit = “O” 


CLKi ' f 


Fi, transferring data is “H”. 


D2 X ps X D4 X Ds X De X D7 


| | 
TXDi K DO M4 D1 x D2 iK D3 x D4 \ D5 nd De vd D7 Note 1: The CLK pin level when not 
X_bo X D1 X 


Do D1 


- When CLK polarity select bit = “1” 


‘ 
R 
X 


Note 2: The CLK pin level when not 
D2 x D3 x D4 x D5 4 Dé x D7 transferring data is “L”. 


X 
J 
X D2 X D3 X Da X Ds X De X D7 


Figure 1.17.3. Polarity of transfer clock 


(b) LSB first/MSB first select function 


As shown in Figure 1.17.4, when the transfer format select bit (bit 7 at addresses 036416, 036C16, 
033C16, 032C16, 02FC16) = “0”, the transfer format is “LSB first’; when the bit = “1”, the transfer format 
is “MSB first”. 


¢ When transfer format select bit = “O” 


CLKi 
TXDi X Do X D1 X D2 X Ds X D4 X Ds X De X D7 
RXDi X Do X D1 X D2 X D3 X D4 X D5 X De X D7 


=> LSB first 


* When transfer format select bit = “1” 


CLKi 
TXDi X D7 X De X Ds X D4 X D3 X D2 X D1 X Do 
RXDi X D7 X De X D5 X D4 X D3 X D2 X Di X Do 


=> MSB first 


Note: This applies when the CLK polarity select bit = “O”. 


Figure 1.17.4. Transfer format 
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(c) Transfer clock output from multiple pins function (UART1) 
This function allows the setting two transfer clock output pins and choosing one of the two to output a 
clock by using the port function select register (bits of related to-P64 and P65). (See Figure 1.17.5.) 
The multiple pins function is valid only when the internal clock is selected for VART1. Note that when 
this function is selected, UART1 CTS/RTS function cannot be used. 


Microcomputer 


TxD1 (P67) 


CLKSi (P64) 


CLKi (P65) 


Note: This applies when the internal clock is selected and transmission 
is performed only in clock synchronous serial I/O mode. 


Figure 1.17.5. The transfer clock output from the multiple pins function usage 


(d) Continuous receive mode 
If the continuous receive mode enable bit (bits 2 and 3 at address 037016, bit 5 at address 033D16, 
032D16, 02FD16) is set to “1”, the unit is placed in continuous receive mode. In this mode, when the 
receive buffer register is read out, the unit simultaneously goes to a receive enable state without 
having to set dummy data to the transmit buffer register back again. 


(e) Separate CTS/RTS pins function (UARTO) 
This function works the same way as in the clock asynchronous serial I/O (UART) mode. The method 
of setting and the input/output pin functions are both the same, so refer to select function in the next 
section, “(2) Clock asynchronous serial I/O (UART) mode.” Note that this function is invalid if the 
transfer clock output from the multiple pins function is selected. 


(f) Serial data logic switch function (UART2 to UART4) 
When the data logic select bit (bit6 at address 033D16, 032D16, 02FD16) = “1”, and writing to transmit 
buffer register or reading from receive buffer register, data is reversed. Figure 1.17.6 shows the 
example of serial data logic switch timing. 


eWhen LSB first 


“yp 
Transfer clock | | | | | | | | | | | | | | | | 
a 


TxDi “H” 
(no reverse)... (D0 {bt X_b2 Ys X_b4 X05 Ye X07) 
TxDi “H” VSS VSS NSS VS — 
(reverse) 4» (D0 X DEY 2 YX Bs Ye Y Ds Ye {7 ) 


Figure 1.17.6. Serial data logic switch timing 
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(2) Clock asynchronous serial I/O (UART) mode 
The UART mode allows transmitting and receiving data after setting the desired transfer rate and transfer 
data format. Tables 1.18.1 and 1.18.2 list the specifications of the UART mode. Figure 1.18.1 shows the 
UARTI transmit/receive mode register. 
Table 1.18.1. Specifications of UART Mode (1) 


Item Specification 


Transfer data format 


* Character bit (transfer data): 7 bits, 8 bits, or 9 bits as selected 
* Start bit: 1 bit 

* Parity bit: Odd, even, or nothing as selected 

* Stop bit: 1 bit or 2 bits as selected 


Transfer clock 


« When internal clock is selected (bit 3 at addresses 036016, 036816, 083816, 032816, 
02F816 = “O”) : fi/16(n+1) (Note 1) fi = f1, fa, f32 

« When external clock is selected (bit 3 at addresses 036016, 0386816, 033816, 032816, 
02F816 ="1”) : fEXT/16(n+1)(Note 1) (Note 2) 


Transmission/reception control 


* CTS function/RTS function/CTS, RTS function chosen to be invalid 


Transmission start condition 


¢ To start transmission, the following requirements must be met: 

- Transmit enable bit (bit O at addresses 036516, 0386D16, 033D16, 032D16, 
02FD16) = “1” 

- Transmit buffer empty flag (bit 1 at addresses 036516, 036D16, 033D16, 
032D16, 02FD16) = “0” 

- When CTS function selected, CTS input level = “L” 

- TxD output is selected by the corresponding port function select register, 
peripheral function select register and peripheral subfunction select 
register. 


Reception start condition 


¢ To start reception, the following requirements must be met: 
- Receive enable bit (bit 2 at addresses 036516, 036D16, 033D16, 032D16, 
02FD16) = “1” 
- Start bit detection 


Interrupt request 
generation timing 


¢ When transmitting 
- Transmit interrupt cause select bits (bits 0,1 at address 037016, bit 4 at 
address 033D16, 032D16, 02FD16) = “0”: Interrupts requested when data transfer 
from UARTi transfer buffer register to UARTi transmit register is completed 
- Transmit interrupt cause select bits (bits 0, 1 at address 037016, bit 4 at 
address 033D16, 032D16, 02FD16) = “1”: Interrupts requested when data 
transmission from UARTi transfer register is completed 
¢ When receiving 
- Interrupts requested when data transfer from UARTi receive register to 
UARTI receive buffer register is completed 


Note 1: ‘n’ denotes the value 0016 to FF 16 that is set to the UARTi bit rate generator. 
Note 2: fEXT is input from the CLKi pin. 
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Table 1.18.2. Specifications of UART Mode (2) 

Error detection * Overrun error (Note 3) 

This error occurs when the next data is ready before contents of UARTi 
receive buffer register are read out 

¢ Framing error 
This error occurs when the number of stop bits set is not detected 


¢ Parity error 
This error occurs when if parity is enabled, the number of 1’s in parity and 
character bits does not match the number of 1’s set 
¢ Error sum flag 
This flag is set (= 1) when any of the overrun, framing, and parity errors is 
encountered 
Select function * Separate CTS/RTS pins (UARTO) 
UARTO CTS and RTS pins each can be assigned to separate pins 
* Sleep mode selection (UARTO, UART1) 
This mode is used to transfer data to and from one of multiple slave micro- 


computers 

* Serial data logic switch (UART2 to UART4) 
This function is reversing logic value of transferring data. Start bit, parity bit 
and stop bit are not reversed. 

«TxD, RxD I/O polarity switch (UART2 to UART4) 
This function is reversing TxD port output and RxD port input. All I/O data 
level is reversed. 


Note 3: If an overrun error occurs, the UARTIi receive buffer will have the next data written in. Note also that 
the UARTI receive interrupt request bit is not set to “1”. 
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UARTI transmit / receive mode registers 


b7__b6 bS__b4_b3_b2__bi bd Symbol Address When reset 
UiMR(i=0,1) 036016, 036816 0016 


Serial I/O mode select bit | °°" 


100: Transfer data 7 bits long O.9} 
101: Transfer data 8 bits long loio 
110: Transfer data 9 bits long 0:0] 


CKDIR Internal / external clock : : Internal clock 
select bit : External clock 

STPS Stop bit length select bit r One stop bit 
: Two stop bits 


Odd / even parity Valid when bit 6 = “1” 
select bit Me Odd parity 
: Even parity 


PRYE Parity enable bit . Parity disabled 
: Parity enabled 
SLEP Sleep select bit 0 : Sleep mode deselected 
1 : Sleep mode selected 


UARTI transmit / receive mode register 


b7_b6 bS b4 b3 b2 bi bd Symbol Address When reset 
UIMR (i=2 to 4) 033816, 032816, 0O2F816 0016 


b2 b1 bO 


100: Transfer data 7 bits long 
101: Transfer data 8 bits long 
110: Transfer data 9 bits long 


CKDIR Internal / external clock | : Internal clock 
select bit : External clock 
STPS Stop bit length select bit r One stop bit 
: Two stop bits 
Odd / even parity Valid when bit 6 = “1” 


select bit Odd parity 
: Even parity 


PRYE Parity enable bit . Parity disabled 
: Parity enabled 
IOPOL TxD, RxD 1/O polarity . No reverse 
reverse bit (Note) : Reverse 


Note: Usually set to “0”. 


Figure 1.18.1. UARTi transmit/receive mode register in UART mode 
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Table 1.18.3 lists the functions of the input/output pins during UART mode. This table shows the pin 
functions when the separate CTS/RTS pins function is not selected. Note that for a period from when the 
UARTI operation mode is selected to when transfer starts, the TxDi pin outputs a “H”. (If the N-channel 
open drain is selected, this pin is in floating state.) 


Table 1.18.3. Input/output pin functions in UART mode 


Pin name 
TxDi 


(P63, P67, P70, 
P92, P96) 


Function 


Serial data output 
(Note 1) 


Method of selection 


RxDi 
(P62, P66, P71, 
P91, P97) 


Serial data input 
(Note 2) 


Port P62, P66, P71, P91 and P97 direction register (bits 2 and 6 at address 
03C216, bit 1 at address 03C316, bit 1 and 7 at address 03C716)= “O” 
(Can be used as an input port when performing transmission only) 


CLKi 
(P61, P65, P72, 
P90, P95) 


Programmable I/O port 
(Note 2) 


Transfer clock input 
(Note 2) 


Internal/external clock select bit (bit 3 at addresses 036016, 036816, 
033816, 032816, 02F816) = “0” 


Internal/external clock select bit (bit 3 at addresses 036016, 036816, 
033816, 032816, 02F816) = “1” 

Port P61, P65, P72, P90 and P95 direction register (bits 1 and 5 at address 
03C216, bit 2 at address 03C316, bits 0 and 5 at address 03C716) = “0” 


CTSi/RTSi 
(P60, P64, P73, 
P93, P94) 


CTS input 
(Note 2) 


Programmable |/O port 
(Note 2) 


CTS/RTS disable bit (bit 4 at addresses 036416, 036C16, 033C16, 
032C16, 02FC16) =“0” 

CTS/RTS function select bit (bit 2 at addresses 036416, 036C16, 033C16, 
032C16, 02FC16) = “0” 

Port P60, P64, P73, P93 and P94 direction register (bits 0 and 4 at address 
03C216, bit 3 at address 03C316, bits 3 and 4 at address 03C716) = “O” 


CTS/RTS disable bit (bit 4 at addresses 036416, 036C16, 033C16, 032C16, 
02FC16) = “0” 

CTS/RTS function select bit (bit 2 at addresses 036416, 036C16, 033C 16, 
032C16, 0O2FC16) = “1” 


CTS/RTS disable bit (bit 4 at addresses 036416, 036C16, 033C16, 032C16, 
02FC16) = “1” 


(When separate CTS/RTS pins function is not selected) 
Note 1: Select TxD output, CLK output and RTS output by the corresponding function select registers A, B 


and C. 


Note 2: Select I/O port by the corresponding function select register A. 
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« Example of transmit timing when transfer data is 8 bits long (parity enabled, one stop bit) 


The transfer clock stops momentarily as CTS is “H” when the stop bit is checked. 
The transfer clock starts as the transfer starts immediately CTS changes to “L”. 


Transfer clock 


Transmit enable 
bit(TE) 


Transmit buffer 
empty flag(T1) 


CTSi 


TxDi 


Transmit register 
empty flag (TXEPT) 


Transmit interrupt 
request bit (IR) 


Cleared to “0” when interrupt request is accepted, or cleared by software 


Shown in (_ ) are bit symbols. 
The above timing applies to the following settings : Te = 16 (n+ 1)/fi or 16 (n + 1) / fext 
+ Parity is enabled. fi : frequency of BRGi count source (f1, f8, f32) 
* One stop bit. fEXT : frequency of BRGi count source (external clock) 


* CTS function is selected. n: value set to BRGi 
¢ Transmit interrupt cause select bit = “1”. 


¢ Example of transmit timing when transfer data is 9 bits long (parity disabled, two stop bits) 


Transfer clock 


Transmit enable 
bit(TE) 


Transmit buffer 
empty flag(T1) 


Transferred from UARTI transmit buffer register to UARTi transmit register 


Stop Stop 
bit 


TxDi 


Transmit register 
empty flag (TXEPT) ses 


Transmit interrupt 
request bit (IR) 


Cleared to “O” when interrupt request is accepted, or cleared by software 
Shown in (_ ) are bit symbols. 


The above timing applies to the following settings : Te = 16 (n+ 1)/fi or 16 (n + 1) / fext 
+ Parity is disabled. fi : frequency of BRGi count source (f1, f8, f32) 
* Two stop bits. fEXT : frequency of BRGi count source (external clock) 
* CTS function is disabled. n: value set to BRGi 
« Transmit interrupt cause select bit = “O”. 


Figure 1.18.2. Typical transmit timings in UART mode 
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« Example of receive timing when transfer data is 8 bits long (parity disabled, one stop bit) 


BRGi count 
source 


“4” 
Receive enable bit “9” 


RxDi 


Transfer clock ' ae 
Reception triggered when transfer clock Transferred from UARTi receive register to 


Receive “1” is generated by falling edge of start bit UARTI receive buffer register —— 


complete flag — 
RTSi an 
Receive interrupt “4” i 
request bit “ay es Cn (Cee 
Cleared to “O” when interrupt request is accepted, or cleared by software 
The above timing applies to the following settings : 
Parity is disabled. 


*One stop bit. 
*RTS function is selected. 


Figure 1.18.3. Typical receive timing in UART mode 


(a) Separate CTS/RTS pins function (UARTO) 
With the separate CTS/RTS bit (bit 6 at address 037016) is set to “1”, the unit outputs/inputs the CTS 
and RTS signals on different pins. (See Figure 1.18.4.) This function is valid only for UARTO. Note 
that if this function is selected, the CTS/RTS function for UART1 cannot be used. 
Set both CTS/RTS function select bit (bit 2 at address 036416) and CTS/RTS disable bit (bit 4 at 
address 036416) to "0" and set P64 to input port by the function select register. 


Microcomputer 


TxDo (P63) 


RxDo (P62) 


RTSO (P60) 


CTSO (P64) 


Figure 1.18.4. The separate CTS/RTS pins function usage 


(b) Sleep mode (UARTO, UART1) 
This mode is used to transfer data between specific microcomputers among multiple microcomputers 
connected using UARTi. The sleep mode is selected when the sleep select bit (bit 7 at addresses 
036016, 036816) is set to “1” during reception. In this mode, the unit performs receive operation when 
the MSB of the received data = “1” and does not perform receive operation when the MSB = “0”. 
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(c) Function for switching serial data logic (UART2 to UART4) 
When the data logic select bit (bit 6 of address 033D16, 032D16, O2FD16) is assigned 1, data is inverted 
in writing to the transmission buffer register or reading the reception buffer register. Figure 1.18.5 
shows the example of timing for switching serial data logic. 


¢ When LSB first, parity enabled, one stop bit 


TxDi —“H” 
faster a ST { DO} Di }_b2 X 3 f_D4 }_DS5 jf D6 {D7 f_P _} SP 


eet) ae st (0 \ br {be \ 3 (bs (bs Xs (o7 XY SP 


ST : Start bit 
P : Even parity 
SP : Stop bit 


Figure 1.18.5. Timing for switching serial data logic 


(d) TxD, RxD I/O polarity reverse function (UART2 to UART4) 
This function is to reverse TxD pin output and RxD pin input. The level of any data to be input or output 
(including the start bit, stop bit(s), and parity bit) is reversed. Set this function to “O” (not to reverse) for 
usual use. 


(e) Bus collision detection function (UART2 to UART4) 
This function is to sample the output level of the TxD pin and the input level of the RxD pin at the rising 
edge of the transfer clock; if their values are different, then an interrupt request occurs. Figure 1.18.6 
shows the example of detection timing of a buss collision (in UART mode). 


Transfer clock RLALALALALALALALA LA 
TxDi : ST SP 


RAxDi ST 


Bus collision detection 
interrupt request signal 


Bus collision detection 
interrupt request bit 


ST : Start bit 
SP : Stop bit 


Figure 1.18.6. Detection timing of a bus collision (in UART mode) 
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(3) Clock-asynchronous serial I/O mode (compliant with the SIM interface) 


The SIM interface is used for connecting the microcomputer with a memory card I/C or the like; adding some 
extra settings in UART2 to UART4 clock-asynchronous serial I/O mode allows the user to effect this function. 
Table 1.19.1 shows the specifications of clock-asynchronous serial I/O mode (compliant with the SIM interface). 


Table 1.19.1. Specifications of clock-asynchronous serial |/O mode (compliant with the SIM interface) 
Item Specification 

Transfer data format * Transfer data 8-bit UART mode (bit 2 to 0 of addresses 033816, 032816, 02F816 = “1012’) 

* One stop bit (bit 4 of addresses 033816, 032816, 02F816 = “O”) 

* With the direct format chosen 
Set parity to “even” (bit 5 and 6 of addresses 033816, 032816, 02F816 = “1” and “1” respectively) 
Set data logic to “direct” (bit 6 of address 033D16 = “O”). 
Set transfer format to LSB (bit 7 of address 033C16 = “O”). 

¢ With the inverse format chosen 
Set parity to “odd” (bit 5 and 6 of addresses 033816, 032816, 02F816 = “0” and “1” respectively) 
Set data logic to “inverse” (bit 6 of address 033D16 = “1”) 
Set transfer format to MSB (bit 7 of address 033C16 = “1”) 


Transfer clock ¢ With the internal clock chosen (bit 3 of addresses 033816, 032816, 02F816 = “O”) 
: fi/16 (n+ 1) (Note 1) : fi=f1, fs, f32 
¢ With an external clock chosen (bit 3 of addresses 033816, 032816, 0O2F816 = “1”) 
: fEXT / 16 (n+1) (Note 1) (Note 2) 
Transmission / reception control] » Disable the CTS and RTS function (bit 4 of address 033C16, 032C16, 0O2FC16 = “1”) 
Other settings « The sleep mode select function is not available for UART2 


* Set transmission interrupt factor to “transmission completed” (bit 4 of address 033D16, 

032D16, 02FD16 = “1”) 

* Set N-channel open drain output to TxD and RxD pins in UART3 and 4 (bit 5 of 

address 032C16, 02FC16 = “1”) 

Transmission start condition * To start transmission, the following requirements must be met: 

- Transmit enable bit (bit 0 of address 033D16, 032D16, O2FD16) = “1” 

- Transmit buffer empty flag (bit 1 of address 033D16, 032D16, 02FD16) = “O” 

Reception start condition * To start reception, the following requirements must be met: 

- Reception enable bit (bit 2 of address 033D16, 032D16, O2FD16) = “1” 

- Detection of a start bit 

Interrupt request * When transmitting 

generation timing When data transmission from the UART2 to UART4 transfer register is completed (bit 
4 of address 033D16, 032D16, 02FD16 = “1”) 

¢ When receiving 
When data transfer from the UART2 to UART4 receive register to the UART2 to 
UART4 receive buffer register is completed 

Error detection * Overrun error (See the specifications of clock-asynchronous serial I/O) (Note 3) 

* Framing error (see the specifications of clock-asynchronous serial I/O) 

* Parity error (See the specifications of clock-asynchronous serial I/O) 

- On the reception side, an “L” level is output from the TxDi pin by use of the parity 
error signal output function (bit 7 of address 033D16, 032D16, O2FD16 = “1”) whena 
parity error is detected 

- On the transmission side, a parity error is detected by the level of input to the RxDi 
pin when a transmission interrupt occurs 

* The error sum flag (see the specifications of clock-asynchronous serial I/O) 


Note 1: ‘n’ denotes the value 0016 to FF 16 that is set to the UARTIi bit rate generator. 

Note 2: fExT is input from the CLKi pin. 

Note 3: If an overrun error occurs, the UARTIi receive buffer will have the next data written in. Note also that the UARTi 
receive interrupt request bit is not set to “1”. 
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Transfer clock 


Transmit enable 
bit(TE) 


Transmit buffer 
empty flag(Tl) 


Parity Stop 
TxDi 


RxDi 


A “L” level returns from SIM card due -” 
to the occurrence of a parity error. 


The level is detected by the 
interrupt routine. 
Signal conductor level 
(Note 1) 


The level isidetected by 
the interrupt routine. 


Transmit register y — rq — 


empty flag (TXEPT) “9” 


Transmit interrupt 
request bit (IR) 


: ; ree F F | f 
Shown in (_) are bit symbols. Cleared to “O” when interrupt request is accepted, or cleared by software 
The above timing applies to the following settings : 
+ Parity is enabled. 
* One stop bit. 
* Transmit interrupt cause select bit = “1”. 


Te = 16 (n+ 1)/fi or 16 (n + 1) / fext 
fi : frequency of BRGi count source (f1, f8, £32) 
fEXT : frequency of BRGi count source (external clock) 
n: value set to BRGi 


Note: After writing to the transfer buffer at above timing, transmission starts at the timing of BRG overflow. 


Transfer clock 


Receive enable i 
bit (RE) nytt 
Parity 


TxDi 


RxDi 


A ‘L” level returns from TxD2 due to Fs 
the occurrence of a parity error. i 


Signal conductor level 
(Note 1) 


Receive complete 
flag (Rl) 


Read to receive buffer 
Receive interrupt 
request bit (IR) 


Cleared to “O” when interrupt request is accepted, or cleared by software 
Shown in (_ ) are bit symbols. 


The above timing applies to the following settings : 
+ Parity is enabled. 
* One stop bit. 
« Transmit interrupt cause select bit = “O”. 


Te = 16 (n+ 1)/fi or 16 (n + 1) / fext 
fi : frequency of BRGi count source (f1, f8, £32) 
fEXT : frequency of BRGi count source (external clock) 
n: value set to BRGi 


Note: Equal in waveform because TxDi and RxDi are connected. 


Figure 1.19.1. Typical transmit/receive timing in UART mode (compliant with the SIM interface) 
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(a) Function for outputting a parity error signal 
With the error signal output enable bit (bit 7 of address 033D16, 032D16) assigned “1”, you can output 
an “L” level from the TxDi pin when a parity error is detected. In step with this function, the generation 
timing of a transmission completion interrupt changes to the detection timing of a parity error signal. 
Figure 1.19.2 shows the output timing of the parity error signal. 


¢ LSB first 

ee ee er 
clock wv 
RxDi st {D0 Yr \ 2 {3 D4 {05 X06 {7 {PY SP 


TxDi ” Hi-Z 
Receive 1” [— 
complete flag «o” 


ST : Start bit 
P : Even Parity 
SP : Stop bit 


Figure 1.19.2. Output timing of the parity error signal 


(b) Direct format/inverse format 
Connecting the SIM card allows you to switch between direct format and inverse format. If you choose 
the direct format, DO data is output from TxDi. If you choose the inverse format, D7 data is inverted 
and output from TxDi. 
Figure 1.19.3 shows the SIM interface format. 


Transfer 
cleck 


TxDi 
(direct) 


TxDi 
(inverse) 


P : Even parity 


Figure 1.19.3. SIM interface format 
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Figure 1.19.4 shows the example of connecting the SIM interface. Connect TxDi and RxDi and apply pull- 
up. 


nor) SIM card 


Note :TxD pin is N-channel open drain and needs a pull-up resistance. 


Figure 1.19.4. Connecting the SIM interface 
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UARTIi Special Mode Register (i = 2 to 4) 
UART2 to UART4 operate the IIC bus interface (simple IIC bus) using the UARTi special mode register 
(addresses 033716, 032716 and 02F716 [i = 2 to 4]) and UARTi special mode register 2 (addresses 
033616, 032616 and 02F 616 [i = 2 to 4]). UART3 and UART4 add special functions using UARTIi special 
mode resister 3 (addresses 032516 and 02F516 [i = 3 or 4)). 


(1) IIC Bus Interface Mode 


The IIC bus interface mode is provided with UART2 to UART4. 

Table 1.20.1 shows the construction of the UARTi special mode register and UARTi special mode regis- 
ter 2. 

When the IC mode select bit (bit 0 in addresses 033716, 032716 and 02F716) is set to “1”, the I?7C bus 
(simple I2C bus) interface circuit is enabled. Table 1.20.1 shows the relationship of the IIC mode select bit 
to control. To use the chip in the clock synchronized serial I/O mode or clock asynchronized serial I/O 
mode, always set this bit to “O”. 


Table 1.20.1. Features in 2C mode 


Function Normal mode 12C mode (Note 1) 


: i ; Start condition detection or sto 
Factor of interrupt number 39 to 41 (Note 2) Bus collision detection condition detection P 


Factor of interrupt number 33, 35, 37 (Note 2) UARTI transmission No acknowledgment detection (NACk) 
Factor of interrupt number 34, 36, 38 (Note 2) UARTI reception Acknowledgment detection (ACK) 
UARTI transmission output delay Not delayed 

P70, P92, P96 at the time when UARTI is in use TxDi (output) SDAi (input/output) (Note 3) 

P71, P91, P97 at the time when UARTi is in use RxDi (input) SCLi (input/output) 


7 | P72, P90, P95 at the time when UARTI is in use CLKi P72, P90, P95 


to the DMA request factor selection bits 


Noise filter width 15ns 50ns 


F Reading the terminal when 0 is Reading the terminal regardless of the 
10] Reading P71, P91, P97 assigned to the direction register | value of the direction register 


11] Initial value of UARTi output H level (when 0 is assigned to The value set in latch P70, P92, P96 
the CLK polarity select bit) when the port is selected (Note 3) 


E PINE HAGE aie Ie WHO 1-01 Saseignee UARTI reception Acknowledgment detection (ACK) 


Note 1: Make the settings given below when IC mode is in use. 
Set 0 1 0 in bits 2, 1, 0 of the UARTIi transmission/reception mode register. 
Disable the RTS/CTS function. Choose the MSB First function. 
Note 2: Follow the steps given below to switch from a factor to another. 
1. Disable the interrupt of the corresponding number. 
2. Switch from a factor to another. 
3. Reset the interrupt request flag of the corresponding number. 
4. Set an interrupt level of the corresponding number. 
Note 3: Set an initial value of SDA transmission output when IIC mode (IIC mode select bit = "1") is valid and serial I/O is invalid. 
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UARTI special mode register 


BEBO BS D4 bg abe: (DI og Symbol Address When reset 


UISMR (i=2 to 4) 033716, 032716, 02F716 0016 


. Function : f 
Bit , . Function f 
Ogres | towing UART mode) |W 
ICM 12C mode select bit 0 : Normal mode Must always be “0” foie) 
1:12C mode 
ABC Arbitration lost detecting | 0 : Update per bit Must always be “0” oo 
flag control bit 1: Update per byte ; 
ns eo i ci ead a 
1: START condition detected 
LSYN | SCLL sync output 0 : Disabled Must always be “0” 
enable bit 1 : Enabled 


ABSCS | Bus collision detect Must always be “0” 0 : Rising edge of transfer 
sampling clock select bit clock (Note 2) 
: Underflow signal of timer Ai 


Auto clear function Must always be “0” : No auto clear function 
select bit of transmit : Auto clear at occurrence of 
enable bit bus collision 


Transmit start condition | Must always be “0” : Ordinary 
select bit : Falling edge of RxDi 


Nothing is assigned. 
This bit can neither be set nor reset. When read, its content is indeterminate. 


Note 1: Nothing but "0" may be written. 
Note 2: UART2 : timer AO underflow signal, UARTS : timer A3 underflow signal, UART4 : timer A4 
underflow signal. 


UARTI special mode register 2 


b6 b5 b4 b3_ b2 bi Symbol Address When reset 
UiSMR2 (i=2 to 4) 033616, 032616, 0O2F616 0016 


Bit name Function 


IC mode select bit 2 Refer to Table 1.20.2. O10 


CSC Clock synchronous bit 0 : Disabled 
1: Enabled 
SWC SCL wait output bit 0 : Disabled 
1: Enabled 
ALS SDA output stop flag 0: Disabled 
1: Enabled 
STC UARTi initialize bit 0 : Disabled 
1: Enabled 

SWC2 | SCL wait output bit 2 0 : UARTI clock 
1:0 output 


SDA output inhibit bit 0 : Enabled olo 
1: Disabled (high impedance) 


Start/stop condition Must set to "1" in selecting lIC mode. 
control bit 


Figure 1.20.1. UART2 special mode register 
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P70/TXD2/SDA 


O ' : 
Timer To DMAi 


VO 


UART2 
AART2 IICM=1 IICM=0 or IICM2=1 transmission/NACK 


delay Transmission register interrupt request 


UART2 lICM=1 and $ 
IICM2=0 


a. To DMAi 
Arbitration 


lICM=1 ice UART2 reception/ACK 


: = interrupt request 
Reception register D DMAi request 


wea ai IICM=1 and 


Start condition detection IICM2=0 
IS Bus 
Stop condition detection 


Falling edge L-synchronous 
detection output enabling bit 
P71/RXD2/SCL 
V0 R 
Data register 


|-ox ———}—. Selector Bus collision/start, stop 
IICM=1 condition detection 


UART2 4 Internal clock interrupt request 


IICM=1 o<-SWC2 Bus collision ——>o 
IICM=1 = oan detection IICM=0 


Port reading 


* With IICM set to 1, the port terminal is to be readable 
P72/CLKo even if 1 is assigned to P71 of the direction register. 
Serector 


Figure 1.20.2. Functional block diagram for I?C mode 


Figure 1.20.2 is a block diagram of the IIC bus interface. 
To explain the control bit of the IIC bus interface, UART2 is used as an example. 


UART2 Special Mode Register (Address 0337,,) 

Bit 0 is the IIC mode select bit. When set to “1”, ports P70, P71 and P72 operate respectively as the 
SDA2 data transmission-reception pin, SCL2 clock I/O pin and port P72. A delay circuit is added to 
SDA2 transmission output, therefore after SCL2 is sufficiently L level, SDA2 output changes. Port P71 
(SCL2) is designed to read pin level regardless of the content of the port direction register. SDA2 
transmission output is initially set to port P70 in this mode. Furthermore, interrupt factors for the bus 
collision detection interrupt, UART2 transmission interrupt and UART2 reception interrupt change 
respectively to the start/stop condition detection interrupts, acknowledge non-detection interrupt and 
acknowledge detection interrupt. 
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The start condition detection interrupt is generated when the fall at the SDA2 pin (P70) is detected 
while the SCL2 pin (P71) is in the H state. The stop condition detection interrupt is generated when the 
rise at the SDA2 pin (P70) is detected while the SCL2 pin (P71) is in the H state. 

The acknowledge non-detection interrupt is generated when the H level at the SDA2 pin is detected at 
the 9th rise of the transmission clock. 

The acknowledge detection interrupt is generated when the L level at the SDA2 pin is detected at the 
9th rise of the transmission clock. Also, DMA transfer can be started when the acknowledge is de- 
tected if UART2 transmission is selected as the DMA1 request factor. 


Bit 2 is the bus busy flag. It is set to “1” when the start condition is detected, and reset to “O” when the 
stop condition is detected. 


Bit 1 is the arbitration lost detection flag control bit. Arbitration detects a conflict between data trans- 
mitted at SCL2 rise and data at the SDA2 pin. This detection flag is allocated to bit 3 in UART2 
transmission buffer register 1 (address 033F 16). It is set to “1” when a conflict is detected. With the 
arbitration lost detection flag control bit, it can be selected to update the flag in units of bits or bytes. 
When this bit is set to “1”, update is set to units of byte. If a conflict is then detected, the arbitration lost 
detection flag control bit will be set to “1” at the 9th rise of the clock. When updating in units of byte, 
always clear (“O” interrupt) the arbitration lost detection flag control bit after the 1st byte has been 
acknowledged but before the next byte starts transmitting. 


Bit 3 is the SCL2 L synchronization output enable bit. When this bit is set to “1”, the P71 data register 
is set to “O” in sync with the L level at the SCL2 pin. 


Bit 4 is the bus collision detection sampling clock select bit. The bus collision detection interrupt is 
generated when RxDi and TxDi level do not conflict with one another. When this bit is “O”, a conflict is 
detected in sync with the rise of the transfer clock. When this bit is “1”, detection is made when timer 
Ai (timer AO with UART2, timer A3 with UART3 and timer A4 with UART4) underflows. Operation is 
shown in Figure 1.20.3. 


Bit 5 is the transmission enable bit automatic clear select bit. By setting this bit to “1”, the transmission 
bit is automatically reset to “O” when the bus collision detection interrupt factor bit is “1” (when a conflict 
is detected). 


Bit 6 is the transmission start condition select bit. By setting this bit to “1”, TxDi transmission starts in 
sync with the rise at the RxDi pin. 
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1. Bus collision detect sampling clock select bit (Bit 4 of the UARTi special mode register) 
0: Rising edges of the transfer clock 


CLKi 


TxDi/RxDi 


Timer Ai 


2. Auto clear function select bit of transmit enable bit (Bit 5 of the UARTi special mode 
register) 


CLKi 


TxDi/RxDi 

Bus collision 
detect interrupt 
request bit 
Transmit 
enable bit 


3. Transmit start condition select bit (Bit 6 of the UARTi special mode register) 
0: In normal state 


CLKi 


TxDi i 


Enabling transmission 


With "1: falling edge of RxDi" selected 


CLKi Lj Lf Lj Lj & 


TxDi 


RxDi 


Figure 1.20.3. Some other functions added 
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UART2 Special Mode Register 2 (Address 0336, ,) 
Bit 0 is the IIC mode select bit. Table 1.20.2 gives control changes by bit when the IIC mode select bit 
is “1”. Start and stop condition detection timing characteristics are shown in Figure 1.20.4. Always set 
bit 7 (start/stop condition control bit) to “1”. 


Bit 1 is the clock synchronization bit. When this bit is set to “1”, if the rise edge is detected at pin SCL2 
while the internal SCL is H level, the internal SCL is changed to L level, the baud rate generator value 
is reloaded and the L sector count starts. Also, while the SCL2 pin is L level, if the internal SCL 
changes from L level to H, baud rate generator stops counting. If the SCL2 pin is H level, counting 
restarts. Because of this function, the UART2 transmission-reception clock takes the AND condition 
for the internal SCL and SCL2 pin signals. This function operates from the clock half period before the 
1st rise of the UART2 clock to the 9th rise. To use this function, select the internal clock as the transfer 


clock. 


Bit 2 is the SCL wait output bit. When this bit is set to “1”, output from the SCL2 pin is fixed to L level 
at the clock’s 9th rise. When set to “0”, the L output lock is released. 


Bit 3 is the SDA output stop bit. When this bit is set to “1”, an arbitration lost is generated. If the 
arbitration lost detection flag is “1”, the SDA2 pin simultaneously becomes high impedance. 


Bit 4 is the UART2 initialize bit. While this bit is set to “1”, the following operations are performed when 
the start condition is detected. 

1. The transmission shift register is initialized and the content of the transmission register is trans- 
mitted to the transmission shift register. As such, transmission starts with the 1st bit of the next 
input clock. However, the UART2 output value remains the same as when the start condition 
was detected, without changing from when the clock is input to when the 1st bit of data is output. 

2. The reception shift register is initialized and reception starts with the ist bit of the next input 
clock. 

3. The SCL wait output bit is set to “1”. As such, the SCL2 pin becomes L level at the rise of the 9th 
bit of the clock. 

When UART transmission-reception has been started using this function, the content of the transmis- 
sion buffer available flag does not change. Also, to use this function, select an external clock as the 


transfer clock. 


Bit 5 is SCL wait output bit 2. When this bit is set to “1” and serial I/O has been selected, an L level can 
be forcefully output from the SCL2 pin even during UART operation. When this bit is set to “O', the L 
output from the SCL2 pin is canceled and the UART2 clock is input and output. 


Bit 6 is the SDA output disable bit. When this bit is set to “1”, the SDA2 pin is forcefully made high 
impedance. To overwrite this bit, do so at the rise of the UART2 transfer clock. The arbitration lost 


detection flag may be set. 
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Table 1.20.2. Functions changed by I?C mode select bit 2 
Function IICM2 = 0 
Interrupt no. 33, 35, 37 factor Acknowrege not detect (NACK) | UART2 transfer (rising edge of ) 
Interrupt no. 34, 36, 38 factor Acknowrege detect (ACk) Acknowrege detect (ACK) 
DMA factor Acknowrege detect (ACk) Acknowrege detect (ACK) 
Data transfer timing from UARTi (i | Rising edge of the last bit of re- | Rising edge of the last bit of re- 
= 2 to 4) receive shift register to re- | ceive clock ceive clock 


ceive buffer 
UARTIi(i = 2 to 4) receive / ACK in- | Rising edge of the last bit of re- | Rising edge of the last bit of re- 


terrupt request generation timing ceive clock ceive clock 


3 to 6 cycles < set up time (Note) 
3 to 6 cycles < hold time (Note) 


Note : Cycle number shows main clock input oscillation frequency f(XIN) cycle number. 


Set up time Hold time 


SCL 


SDA 
(Start condition) 


SDA 
(Stop condition) 


Figure 1.20.4. Start/stop condition detect timing characteristics 


UART2 Special Mode Register 3 (Address 0335, ,) 
Bits 5 to 7 are the SDA2 digital delay setting bits. By setting these bits, it is possible to turn the SDA2 
delay OFF or set the f(XIN) delay to 2 to 8 cycles. 
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(2) Serial Interface Special Function 
UART 3 and UART4 can control communications on the serial bus using the SSi input pins (Figure 
1.20.5). The master outputting the transfer clock transfers data to the slave inputting the transfer clock. In 
this case, in order to prevent a data collision on the bus, the master floats the output pin of other slaves/ 
masters using the SSi input pins. Figure 1.20.6 shows the structure of UARTi special mode register 3 
(addresses 032516 and 02F516 [i = 3 or 4]) which controls this mode. 
SSi input pins function between the master and slave are as follows. 


P12 


P93(SS3 
P90(CLK3 
P91(RxD3) 
P92(TxD3) 


M16C/80 (M) 


P93(SS3) 
P90(CLK3) 
P91(STxD3) 
P92(SRxD3) 


M16C/80 (S) 


IC3 


P93(SS3) 
P90(CLk3) 
M :Master P91(STxD3) 
S :Slave P92(SRxD3) 
M16C/80 (S) 


Figure 1.20.5 Serial bus communication control example using the SSi input pins 
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< Slave Mode (STxDi and SRxDi are selected, DINC = 1) > 
When an H level signal is input to an SSi input pin, the STxDi and SRxDi pins both become high 
impedance, hence clock input is ignored. When an "L" level signal is input to an SSi input pin, clock 
input becomes effective and serial communications are enabled. (i = 3 or 4) 


Master Mode (TxDi and RxDi are selected, DINC = 0) > 

The SSi input pins are used with a multiple master system. When an SSi input pin is H level, transmis- 
sion has priority and serial communications are enabled. When an L signal is input to an SSi input pin, 
another master exists, and the STxDi, SRxDi and CLKi pins all become high impedance. Moreover, 
the trouble error interrupt request bit becomes “1”. Communications do not stop even when a trouble 
error is generated during communications. To stop communications, set bits 0, 1 and 2 of the UARTIi 
transmission-reception mode register (address 032816 and 02F 816 [i = 3 or 4]) to “O”. 

The trouble error interrupt is used by both the bus collision interrupt and start/stop condition detection 
interrupts, but the trouble error interrupt itself can be selected by setting bit 0 of UARTi special mode 
register 3 (address 032516 and 02F516 [i = 3 or 4]) to “1”. 

When the trouble error flag is set to “O”, output is restored to the clock output and data output pins. In 
the master mode, if an SSi input pin is H level, “0” can be written for the trouble error flag. When an SSi 
input pin is L level, “O” cannot be written for the trouble error flag. In the slave mode, the “0” can be 
written for the trouble error flag regardless of the input to the SSi input pins. 


A 
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UARTi special mode register 3 (i=3,4) 

b7_ b6 bS b4 b3_ b2 bi _ b0 Symbol Address When reset 
U3SMR3 032516 000000002 
U4SMR3 02F516 000000002 


. SSE SS port function enable bit | 0:'SS function disable 
(Note 3) 1: SS function enable 
Clock phase set bit 0: Without clock delay 


Serial input port set bit 0: Select TxDi and RxDi 
(master mode) (Note 5) 
1: Select STxDi and SRxDi 
(slave mode) (Note 6) 


; 0: CLKi is CMOS output 
NODC Clock output select bit 1: CLKi is N-channel open drain 
output 
ERR 0: Without fault error 
| ERR ESuieiouia 1: With fault error 


SDAi(TxD2) digital b7 b6 b5 
DLO delay time set bit 000 :Without delay 

(Note 1,2) 001 :2-cycle of 1/f(XIN) 
010 :3-cycle of 1/f(XIN) 
011 :4-cycle of 1/f(XIN) 
100 :5-cycle of 1/f(XIN) 
101 :6-cycle of 1/f(XIN) 
110 :7-cycle of 1/f(XIN) 
111 :8-cycle of 1/f(XIN) 


: These bits are used for SDA2(TxD2) output digital delay when using UART2 for I@C interface. 
Otherwise, must set to "000". 

: When external clock is selected, delay is increased approx. 100ns. 

: Set SS function after setting CTS/RTS disable bit (bit 4 of UARTI transfer/receive control 
register 0) to "1". 

: Nothing but "0" may be written. 

: Set CLKi and TxDi both for output using the CLKi and TxDi function select register A. Set the 
RxDi function select register A for input/output port and the port direction register to "0". 

: Set STxDi for output using the STxDi function select registers A and B. Set the CLKi and 
SRxDi function select register A for input/output port and the port direction register to "0". 


Figure 1.20.6. UARTi special mode register 3 (i=3,4) 
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Hl Clock Phase Setting 
With bit 1 of UARTi special mode register 3 (addresses 032516 and 02F516 [i = 3 or 4]) and bit 6 of 
UARTI transmission-reception control register 0 (addresses 032C16 and 02FC16 [i = 3 or 4]), four 
combinations of transfer clock phase and polarity can be selected. 
Bit 6 of UARTIi transmission-reception control register 0 (addresses 032C16 and 02FC16 [i = 3 or 4]) 
sets transfer clock polarity, whereas bit 1 of UARTi special mode register 3 (addresses 032516 and 
02F516 [i = 3 or 4]) sets transfer clock phase. 
Transfer clock phase and polarity must be the same between the master and slave involved in the 
transfer. 


< Master (Internal Clock) (DINC = 0) > 
Figure 1.20.7 shows the transmission and reception timing. 


< Slave (External Clock) (DINC = 1) > 

¢ With “O” for bit 1 (CKPH) of UARTi special mode register 3 (addresses 032516 and 02F516 [i = 3 or 
4]), when an SSi input pin is H level, output data is high impedance. When an SSi input pin is L level, 
the serial transmission start condition is satisfied, though output is indeterminate. After that, serial 
transmission is synchronized with the clock. Figure 1.20.8 shows the timing. 

¢ With “1” for bit 1 (CKPH) of UARTi special mode register 3 (addresses 032516 and 02F516 [i = 3 or 
4]), when an SSi input pin is H level, output data is high impedance. When an SSi input pin is L level, 
the first data is output. After that, serial transmission is synchronized with the clock. Figure 1.20.9 
shows the timing. 


Master SS input 


Clock output 
(CKPOL=0, CKPH=0) "L" 


Clock output 
(CKPOL=1, CKPH=0) "L" 


Clock output 


(CKPOL=0, CKPH=1) #1» 


Clock output 
(CKPOL=1, CKPH=1) "L" 


oo "H" 
Datgoupartming Abo Kor X_b2 X08 _D# X_Ds X08 Ky 
Data input timing f ‘ | f f i f f 


Figure 1.20.7. The transmission and reception timing in master mode (internal clock) 
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SS input 


Clock input 
(CKPOL=0, CKPH=0) "L" 


Clock input 
(CKPOL=1, CKPH=0) "L" 


cee nt mort _D2 K_ OLX D2 X Bs K_O« K Ds X Ds X v7) 
"L"  High- High- 


inpedance inpedance 


ae a | 


Figure 1.20.8. The transmission and reception timing (CKPH=0) in slave mode (external clock) 


SS input 


Clock input 
(CKPOL=0, CKPH=0) "L" 


Clock input 
(CKPOL=1, CKPH=0) "L" 


"L" High- High- 


inpedance inpedance 


once tht ttt ty 


Figure 1.20.9. The transmission and reception timing (CKPH=1) in slave mode (external clock) 
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A-D Converter 


The A-D converter consists of one 10-bit successive approximation A-D converter circuit with a capacitive 
coupling amplifier. Pins P100 to P107, P95, and P96 also function as the analog signal input pins. The 
direction registers of these pins for A-D conversion must therefore be set to input. The Vref connect bit (bit 
5 at address 039716) can be used to isolate the resistance ladder of the A-D converter from the reference 
voltage input pin (VREF) when the A-D converter is not used. Doing so stops any current flowing into the 
resistance ladder from VREF, reducing the power dissipation. When using the A-D converter, start A-D 
conversion only after setting bit 5 of 039716 to connect VREF. 

The result of A-D conversion is stored in the A-D registers of the selected pins. When set to 10-bit precision, 
the low 8 bits are stored in the even addresses and the high 2 bits in the odd addresses. When set to 8-bit 
precision, the low 8 bits are stored in the even addresses. 

Table 1.21.1 shows the performance of the A-D converter. Figure 1.21.1 shows the block diagram of the A- 
D converter, and Figures 1.21.2 and 1.21.3 show the A-D converter-related registers. 


Table 1.21.1. Performance of A-D converter 
Method of A-D conversion | Successive approximation (capacitive coupling amplifier) 
Analog input voltage (Note 1) | OV to AVcc (Vcc) 
Operating clock fAD (Note 2) | Vcc = 5V fAD/divide-by-2 of fAD/divide-by-4 of fAD, fAD=f(XIN) 
Vcc = 3V divide-by-2 of fAD/divide-by-4 of fAD, fAD=f(XIN) 
Resolution 8-bit or 10-bit (selectable) 
Absolute precision Vcc =5V ¢ Without sample and hold function 
+3LSB 
¢ With sample and hold function (8-bit resolution) 
+2LSB 
¢ With sample and hold function (10-bit resolution) 
ANo to AN7 input : +3LSB 
ANEXo and ANEX1 input (including mode in which external 
operation amp is connected) : +7LSB 
Vcc = 3V ¢ Without sample and hold function (8-bit resolution) 
+2LSB 
Operating modes One-shot mode, repeat mode, single sweep mode, repeat sweep mode 0, 
and repeat sweep mode 1 
Analog input pins 8 pins (ANo to AN7) + 2 pins (ANEXo and ANEX1) 
A-D conversion start condition} * Software trigger 
A-D conversion starts when the A-D conversion start flag changes to “1” 
External trigger (can be retriggered) 
A-D conversion starts when the A-D conversion start flag is “1” and the 
ADTRG/P97 input changes from “H” to “L” 
Conversion speed per pin Without sample and hold function 
8-bit resolution: 49 fAD cycles, 10-bit resolution: 59 fAD cycles 
¢ With sample and hold function 
8-bit resolution: 28 fAD cycles, 10-bit resolution: 33 fAD cycles 


Note 1: Does not depend on use of sample and hold function. 

Note 2: When f(XIN) is over 10 MHz, the fAD frequency must be under 10 MHz by dividing. 
Without sample and hold function, set the fAD frequency to 250kHz min. 
With the sample and hold function, set the fAD frequency to 1MHz min. 
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CKS1=1 
O 
oo AD 


cksi-o A-D conversion rate 
selection 


Resistance ladder 


Pe AKAEALALA 


Successive conversion register 
A-D control register 1 (address 039716) 


A-D control register 0 (address 039616) 


re 


Addresses 
038116, 038016 
038316, 038216 


A-D register 0 


A-D register 1 


038516, 038416 
038716, 038616 
(038916, 038816) 
(038B16, 038A16) 
(038D16, 038C16) 
(038F 16, 038E16) 


( 
( 
( 
( 


) 
) 
) 
) 


A-D register 3 


2) 2) BS) 2 | @ 


( 
( 
A-D register 2( 
( 
( 


A-D register 4 


Decoder 


A-D register 5( 


AhaAdAdAA 


1 
A-D register 6(1 
A-D register 7(1 


2) 2) 2 


U 


Data bus high-order 


Data bus low-order 


VYVVVVY 


CH2,CH1,CHO=000 


CH2,CH1,CH0=001 


CH2,CH1,CH0=010 


CH2,CH1,CHO=011 


CH2,CH1,CH0=100 


CH2,CH1,CHO=101 


CH2,CH1,CHO=110 


CH2,CH1,CHO=111 


OOO00 0 0 0 


OPA1,OPA0=0,0 


oe 


OPA1,OPA0=1,1 


a ee 


OPA1,OPA0=0,1 


Figure 1.21.1. Block diagram of A-D converter 
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OPA1, OPAO 

0 0:Normal operation 

0 1:ANEXO 

1 0:ANEX1 

1 1: External op-amp mode 
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A-D control register 0 (Note 1) 


Be RG. Bo. be be be bt be Symbol Address When reset 
ADCONO 039616 OO000XXxX2 


Bi symbol 


: ANo is selected 
: AN1 is selected 
: AN2 is selected 
: AN3 is selected 
: AN4 is selected 
: ANs is selected 
: ANé is selected 
: AN7 is selected 


pocccreeee 


A 
fo) 


Analog input pin select bit 


oo--00 
-Ao-0+-0+-O0c 


A-D operation mode 


calect bit O : One-shot mode 


: Repeat mode 
: Single sweep mode 
: Repeat sweep mode 0 
Repeat sweep mode 1 (Note 2) 


Trigger select bit a: Software trigger 
: ADTRG trigger 
A-D conversion start flag | 0 : A-D conversion disabled 
ADST : 
1: A-D conversion started 
CKSO Frequency select bit 0 0 : faD/4 is selected 
1 : faD/2 is selected 


Note 1: If the A-D control register is rewritten during A-D conversion, the conversion result is indeterminate. 
Note 2: When changing A-D operation mode, set analog input pin again. 


==-008 --- 300008 


-0 +07; 


A-D control register 1 (Note 1) 

b7 b6 b5 b4 b3 b2 b1_ b0 
Symbol Address When reset 
ADCON1 039716 0016 


Bit symbol 


A-D sweep pin When single sweep and repeat sweep 
select bit mode 0 are selected 

b1 bo 

00: ANo, ANi (2 pins) 

0 1: ANo to ANS (4 pins) 

10: ANo to ANs (6 pins) 

1 1: ANo to AN7 (8 pins) 


When repeat sweep mode 1 is selected re 


proccess ee 


b1 bo 

00: ANo (1 pin) 
: ANo, AN1 (2 pins) 
: ANo to AN2 (3 pins) 
: ANo to ANs (4 pins) 


A-D operation mode se Any mode other than repeat sweep mode 1 
select bit 1 : Repeat sweep mode 1 
8/10- bit mode select - : 8 we mode 
CKS1 A sand select bit - : faD/2 or fAD/4 is selected 
(Note 2) : fAD is selected 
Vref connect bit - : Vref not connected 


b7 b6 
Exteinaliop-amp 0.0 : ANEXO and ANEX1 are not used(Note 3) joo 


connection mode Bit | 6.4. ANEXO input is A-D oot ance 4) 


10: ANEX1 input is A-D converted(Note 5) 
1 1: External op-amp connection mode(Note 6) 


Note 1: If the A-D control register is rewritten during A-D conversion, the conversion result is indeterminate. 
Note 2: When f(XIN) is over 10 MHz, the fap frequency must be under 10 MHz by dividing. 

Note 3: Set "0" to PSL3_5 and PSL3_6 of the function select register B3. 

Note 4: Set "1" to PSL3_5 of the function select register B3. 

Note 5: Set "1" to PSL3_6 of the function select register B3. 

Note 6: Set "1" to PSL3_5 and PSL3_6 of the function select register B3. 


Figure 1.21.2. A-D converter-related registers (1) 
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A-D control register 2 (Note) 


b7 b6 bS b4 b3 b2 bt bO Symbol Address When reset 


MAMA ADCON2 039416 XXXXXXX02 
XDD 10/01 | 
Bit symbol Bit name ia 
SMP A-D conversion method 0 : Without sample and hold 
select bit 1 : With sample and hold 
Always set to “0” 
Nothing is assigned. 


When write, set "0". When read, their content is "0". 


Note: If the A-D control register is rewritten during A-D conversion, the conversion 
result is indeterminate. 


A-D register i Symbol Address When reset 
ADi(i=0 to 7) 038016 to 0O38F16 Indeterminate 
(b15) 


b7 bO 


Eight low-order bits of A-D conversion result 


* During 10-bit mode 
Two high-order bits of A-D conversion result 


* During 8-bit mode 
When read, the content is indeterminate 


IU nk kk ie vind Sa Set sk tek 
ee eee eee ee 


Nothing is assigned. 
When write, set "0". When read, their content is "0". 


Figure 1.21.3. A-D converter-related registers (2) 
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(1) One-shot mode 


In one-shot mode, the pin selected using the analog input pin select bit is used for one-shot A-D conver- 
sion. Table 1.21.2 shows the specifications of one-shot mode. Figure 1.21.4 shows the A-D control regis- 


ter in one-shot mode. 
Table 1.21.2. One-shot mode specifications 


Function 


Specification 
The pin selected by the analog input pin select bit is used for one A-D conversion 


Start condition 


Writing “1” to A-D conversion start flag 


Stop condition 


when external trigger is selected) 


« End of A-D conversion (A-D conversion start flag changes to “0”, except 


¢ Writing “O” to A-D conversion start flag 


Interrupt request generation timing 


End of A-D conversion 


Input pin 


One of ANo to AN7, as selected 


Reading of result of A-D converter 


A-D control register O (Note 1) 


b7 _b6 


bS 


fog 
BR 


b2 bi bo 


Address 
039616 


Symbol 
ADCONO 


wee ee need O 


Read A-D register corresponding to selected pin 


When reset 
OO000XXxX2 


Bit symbol Bit name 


Analog input pin select 
bit 


Function 


: ANo is selected 
: AN1 is selected 
: AN2 is selected 
: AN3 is selected 
: AN4 is selected 
: ANs is selected 
: ANé is selected 
: AN7 is selected 


4020+0-03 


(Note 2) 


A-D operation mode 
select bit O 


: One-shot mode (Note 2) 


Trigger select bit : 


Software trigger 
ADTRG trigger 


Os 
ee 


A-D conversion start flag 


A-D conversion disabled 
A-D conversion started 


Frequency select bit 0 


O: fAD/4 is selected 


1: fAD/2 is selected 


indeterminate. 


A-D control register 1 (Note) 


b7  b6 


bS 


b4 


Address 


Symbol 
| | 039716 


ADCON1 


Note 1: If the A-D control register is rewritten during A-D conversion, the conversion result is 


Note 2: When changing A-D operation mode, set analog input pin again. 


When reset 


0016 


| [Biteymbai FW 


A-D sweep pin 
select bit 


scan _| 


Invalid in one-shot mode 


A-D operation mode 


select bit 1 mo 


SCAN1 
MD2 
BITS 8/10-bit mode select 


bit 


: Any mode other than repeat sweep 


de 1 


: 8-bit mode 
: 10-bit mode 


Frequency select bit 1 


eke" (Note 2) 


: fAD 


: fAD/2 or fAD/4 is selected 


is selected 


VCUT 


Vref connect bit 


External op-amp ye 


connection mode bit 


: Vref connected 


0 : ANEXO and ANEX1 are not used(Note 3) 
1 : ANEXO input is A-D converted(Note 4) 


0 : ANEX1 input is A-D converted(Note 5) 
11: External op-amp connection mode(Note 6) 


: If the A-D control register is rewritten during A-D conversion, the conversion result is indeterminate. 
: When f(XIN) is over 10 MHz, the fap frequency must be under 10 MHz by dividing. 


: Set "0" to PSL3_5 and PSL3_6 of the function sel 


ect register B3. 


: Set "1" to PSL3_5 of the function select register B3. 


: Set "1" to PSL3_6 of the function select register B3. 


: Set "1" to PSL3_5 and PSL3_6 of the function sel 


Figure 1.21.4. A-D conversion register in one-shot mode 


ect register B3. 
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(2) Repeat mode 


In repeat mode, the pin selected using the analog input pin select bit is used for repeated A-D conversion. 
Table 1.21.3 shows the specifications of repeat mode. Figure 1.21.5 shows the A-D control register in 
repeat mode. 


Table 1.21.3. Repeat mode specifications 


Item Specification 


Function 


conversion 


Mitsubishi microcomputers 


M16C/80 (100-pin version) group 
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


The pin selected by the analog input pin select bit is used for repeated A-D 


Star condition 


Writing “1” to A-D conversion start flag 


Stop condition 


Writing “0” to A-D conversion start flag 


Interrupt request gen 


eration timing | None generated 


Input pin 


One of ANo to AN7, as selected 


Reading of result of A-D converter 


A-D control 


fog 
& 


register O (Note 1) 


Symbol 
ADCONO 


Address 
039616 


wee eee ened O 


A-D control 


Read A-D register corresponding to selected pin 


When reset 
OO0000XXxX2 


Bit symbol Bit name 


Function 


Analog input pin 
select bit 


/_MBo | A-D operation mode 
select bit 0 


of] 42+-200008 


b1 


fo 


ANo is selected 
AN1 is selected 
ANz2 is selected 
ANs is selected 
AN4 is selected 
ANs is selected 
ANé is selected 
AWN7 is selected 


0 
ie} 
1 
1 
ie} 
ie} 
1 
1 


70-00-00 


(Note 2) 
4 bs 


0 1: Repeat mode (Note 2) 


Trigger select bit a: Software trigger 
: ADTRG trigger 
ADST A-D conversion start flag : A-D conversion disabled 
1: A-D conversion started 
CKSO Frequency select bit 0 O : fan/4 is selected 
1: faD/2 is selected 


Note 1: 
indeterminate. 


If the A-D control register is rewritten during A-D conversion, the conversion result is 


Note 2: When changing A-D operation mode, set analog input pin again. 


register 1 (Note) 


b4 b3 b2 bi bO 


Figure 1.21.5. A-D conversion register in repeat mode 


Symbol 
ADCON1 


Address 
039716 


When reset 


0016 


Bit symbol Bit name 


A-D sweep pin 
select bit 


Function 


Invalid in repeat mode 


A-D operation mode 
select bit 1 


: Any mode other than repeat sweep mode 1 


8/10-bit mode select bit 


: 8-bit mode 
: 10-bit mode 


Frequency select bit 1 
(Note 2) 


External op-amp 
connection mode bit 


: faD/2 or fAD/4 is selected 
: fAD is selected 


: ANEXO and ANEX1 are not used(Note 3) 

: ANEXO input is A-D converted(Note 4) 

: ANEX1 input is A-D converted(Note 5) 

: External op-amp connection mode(Note 6) 


: If the A-D control register is rewritten during A-D conversion, the conversion result is indeterminate. 
: When f(XIN) is over 10 MHz, the fab frequency must be under 10 MHz by dividing. 

: Set "O" to PSL3_5 and PSL3_6 of the function select register B3. 

: Set "1" to PSL3_5 of the function select register B3. 

: Set "1" to PSL3_6 of the function select register B3. 

: Set "1" to PSL3_5 and PSL3_6 of the function select register B3. 
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(3) Single sweep mode 
In single sweep mode, the pins selected using the A-D sweep pin select bit are used for one-by-one A-D 
conversion. Table 1.21.4 shows the specifications of single sweep mode. Figure 1.21.6 shows the A-D 
control register in single sweep mode. 
Table 1.21.4. Single sweep mode specifications 
Specification 
Function The pins selected by the A-D sweep pin select bit are used for one-by-one 
A-D conversion 
Start condition Writing “1” to A-D converter start flag 
Stop condition «End of A-D conversion (A-D conversion start flag changes to “0”, except 
when external trigger is selected) 
« Writing “O” to A-D conversion start flag 
Interrupt request generation timing) End of A-D conversion 
Input pin ANo and ANi (2 pins), ANo to AN3 (4 pins), ANo to AN5 (6 pins), or ANo to AN7 
(8 pins) 
Reading of result of A-D converter} Read A-D register corresponding to selected pin 


A-D control register 0 (Note) 


BOs IBS psi be) Bilbo Symbol Address When reset 
ADCONO 039616 OO0000XXxX2 


Bit symbol Bit name Function 


CHO Analog input pin Invalid in single sweep mode 
select bit 


b4 b3 


A-D operation mode 1 0: Single sweep mode 


select bit O 


Trigger select bit : Software trigger 
: ADTRG trigger 

A-D conversion start flag : A-D conversion disabled 
: A-D conversion started 


Frequency select bit 0 : faAD/4 is selected 
: faD/2 is selected 


Note: If the A-D control register is rewritten during A-D conversion, the conversion result is indeterminate. 


A-D control register 1 (Note 1) 


b6 bS b4 b3 b2 bi bO 


Symbol Address When reset 
ADCON1 039716 0016 


Bit symbol Bit name Function 


A-D sweep pin select bit | When single sweep and repeat sweep mode 0 
are selected 
b1 bo 
00: ANo, AN1 (2 pins) 
0 1: ANo to AN3 (4 pins) 
10: ANo to ANs (6 pins) 
1 1: ANo to AN7 (8 pins) 


A-D operation mode 0 : Any mode other than repeat sweep mode 1 
select bit 1 


SCANO 


8-bit mode 
: 10-bit mode 


8/10-bit mode select bit 0: 
1 

Frequency select bit 1 0 : fAD/2 or fAD/4 is selected 
a Lie 
7 


(Note 3) faD is selected 
Vref connect bit 


: Vref connected 


i 7 bE 

Raclenvaaianh a 00 : ANEXO and ANEX1 are not used(Note 4) 

connection mode . 5 

bit (Note 2) 0 1:ANEXO input is A-D converted(Note 5) 
10: ANEX1 input is A-D converted(Note 6) 

1 1: External op-amp connection mode(Note 7) 


: If the A-D control register is rewritten during A-D conversion, the conversion result is indeterminate. 
: Neither ‘01’ nor ‘10’ can be selected with the external op-amp connection mode bit. 

: When f(XIN) is over 10 MHz, the fap frequency must be under 10 MHz by dividing. 

: Set "0" to PSL3_5 and PSL3_6 of the function select register B3. 

: Set "1" to PSL3_5 of the function select register B3. 

: Set "1" to PSL3_6 of the function select register B3. 

: Set "1" to PSL3_5 and PSL3_6 of the function select register B3. 


Figure 1.21.6. A-D conversion register in single sweep mode 
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(4) Repeat sweep mode 0 
In repeat sweep mode 0, the pins selected using the A-D sweep pin select bit are used for repeat sweep 
A-D conversion. Table 1.21.5 shows the specifications of repeat sweep mode 0. Figure 1.21.7 shows the 
A-D control register in repeat sweep mode 0. 


Table 1.21.5. Repeat sweep mode 0 specifications 

pecitication 

Function The pins selected by the A-D sweep pin select bit are used for repeat sweep 
A-D conversion 

Start condition Writing “1” to A-D conversion start flag 

Stop condition Writing “O” to A-D conversion start flag 

Interrupt request generation timing} None generated 

Input pin ANo and ANi (2 pins), ANo to AN3 (4 pins), ANo to AN5 (6 pins), or ANo to AN7 
(8 pins) 

Reading of result of A-D converter} Read A-D register corresponding to selected pin (at any time) 


A-D control register 0 (Note) 
b7 b6 bS b4 b3 b2 
1 | 1 | | | Symbol Address When reset 
ADCONO 039616 00000XXxX2 


Bit name Function 


Analog input pin Invalid in repeat sweep mode 0 
select bit 


A-D operation mode a af 


select bit 0 : Repeat sweep mode 0 


Trigger select bit : Software trigger 
: ADTRG trigger 

A-D conversion start flag : A-D conversion disabled 
: A-D conversion started 


Frequency select bit 0 : faD/4 is selected 
: faD/2 is selected 


Note: If the A-D control register is rewritten during A-D conversion, the conversion result is indeterminate. 


A-D control register 1 (Note 1) 


b7 b6 b5 b4 b3 b2 bil bo 
Symbol Address When reset 
1 
pesILe Sen ele ee ah ADCON1 039716 0016 
Bit symbol Bit name Function 
A-D sweep pin select bit | When single sweep and repeat sweep mode 0 
are selected 
b1bO 


00: ANo, AN1 (2 pins) 

0 1 : ANo to ANs (4 pins) 

i 2: ANo to ANs5 (6 ate 
: ANo to AN7 (8 pins) 


: A-D operation mode 0: AN mode other than repeat sweep mode 1 
‘ select bit 1 


SCANO 


8/10-bit mode select bit ie : 8- Dt mode 


Frequency select bit 1 0 : faD/2 or fAD/4 is selected 


(Note 3) fAD is selected 


1: 
Vref connect bit 1: Vref connected 
b 


a 7 bi 
prtisben a Rall 00: ANEXO and ANEX1 are not used(Note 4) 
bit (Note 2) 0 1: ANEXO input is A-D converted(Note 5) 
10: ANEX1 input is A-D converted(Note 6) 
1 


11: External op-amp connection mode(Note 7) 


: If the A-D control register is rewritten during A-D conversion, the conversion result is indeterminate. 
: Neither ‘01’ nor ‘10’ can be selected with the external op-amp connection mode bit. 

: When f(XIN) is over 10 MHz, the fab frequency must be under 10 MHz by dividing. 

: Set "0" to PSL3_5 and PSL3_6 of the function select register B3. 

: Set'"1" to PSL3_5 of the function select register B3. 

: Set'"1" to PSL3_6 of the function select register B3. 

: Set'"1" to PSL3_5 and PSL3_6 of the function select register B3. 


Figure 1.21.7. A-D conversion register in repeat sweep mode 0 
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(5) Repeat sweep mode 1 
In repeat sweep mode 1, all pins are used for A-D conversion with emphasis on the pin or pins selected 
using the A-D sweep pin select bit. Table 1.21.6 shows the specifications of repeat sweep mode 1. Figure 
1.21.8 shows the A-D control register in repeat sweep mode 1. 


Table 1.21.6. Repeat sweep mode 1 specifications 


Item Specification 


Function 


All pins perform repeat sweep A-D conversion, with emphasis on the pin or 
pins selected by the A-D sweep pin select bit 
Example : ANo selected ANo — AN1 — ANo —~ AN2 — ANo > AN3, etc 


Start condition 


Writing “1” to A-D conversion start flag 


Stop condition 


Writing “0” to A-D conversion start flag 


Interrupt request generation timing 


None generated 


Input pin 


ANo (1 pin), ANo and ANi (2 pins), ANo to AN2 (3 pins), ANo to ANS (4 pins) 


Reading of result of A-D converter 


Read A-D register corresponding to selected pin (at any time) 


A-D control register O (Note) 


b7 b6 b5S b4 b3 b2 Obi 


Symbol 
| ADCONO 


Address 
039616 


When reset 
OO0000XXxX2 


Bit symbol 


Bit name 


Function 


Analog input pin 


select bit 


A-D operation mode 


select bit 0 


Invalid in repeat sweep mode 1 


b4 b3 
11: Repeat sweep mode 1 


Trigger select bit 


A-D conversion start flag 


: Software trigger 

: ADTRG trigger 

: A-D conversion disabled 
: A-D conversion started 


Frequency select bit 0 


: faAD/4 is selected 
: faD/2 is selected 


Note: If the A-D control register is rewritten during A-D conversion, the conversion result is indeterminate. 


A-D control register 1 (Note 1) 


b6 b5 b4 b3 b2 Ob1 bO 


LEEPLL ADCON! 


Address 
039716 


When reset 
0016 


Bit symbol 


Bit name 


Function 


SCANO 


A-D sweep pin select bit 


When repeat sweep mode 1 is selected 


b1 bO 

00: ANo (1 pin) 

01: ANo, AN1 (2 pins) 
10: ANo to AN2 (3 pins) 
1 1: ANo to ANs (4 pins) 


A-D operation mode 


select bit 1 


1: Repeat sweep mode 1 


8/10-bit mode select bit 


: 8-bit mode 
: 10-bit mode 


Frequency select bit 1 


(Note 3) 


: faD is selected 


Vref connect bit 


Oo 
1 
0 : faD/2 or faD/4 is selected 
i 
1 


: Vref connected 


External op-amp 
connection mode 


bit (Note 2) 


b7 b6 

00: ANEXO and ANEX1 are not used(Note 4) 
0 1 : ANEXO input is A-D converted(Note 5) 
10: ANEX1 input is A-D converted(Note 6) 

1 1: External op-amp connection mode(Note 7) 


: If the A-D control register is rewritten during A-D conversion, the conversion result is indeterminate. 
: Neither ‘01’ nor ‘10’ can be selected with the external op-amp connection mode bit. 

: When f(XIN) is over 10 MHz, the fap frequency must be under 10 MHz by dividing. 

: Set "O" to PSL3_5 and PSL3_6 of the function select register B3. 

: Set "1" to PSL3_5 of the function select register B3. 

: Set "1" to PSL3_6 of the function select register B3. 

: Set "1" to PSL3_5 and PSL3_6 of the function select register B3. 


Figure 1.21.8. A-D conversion register in repeat sweep mode 1 
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(a) Sample and hold 
Sample and hold is selected by setting bit 0 of the A-D control register 2 (address 039416) to “1”. When 
sample and hold is selected, the rate of conversion of each pin increases. As a result, a 28 fAD cycle is 
achieved with 8-bit resolution and 33 fAD with 10-bit resolution. Sample and hold can be selected in all 
modes. However, in all modes, be sure to specify before starting A-D conversion whether sample and 
hold is to be used. 


(b) Extended analog input pins 

In one-shot mode and repeat mode, the input via the extended analog input pins ANEXo and ANEX1 can 
also be converted from analog to digital. 

When bit 6 of the A-D control register 1 (address 039716) is “1” and bit 7 is “O”, input via ANEXo is 
converted from analog to digital. The result of conversion is stored in A-D register 0. 

When bit 6 of the A-D control register 1 (address 039716) is “O” and bit 7 is “1”, input via ANEX1 is 
converted from analog to digital. The result of conversion is stored in A-D register 1. 

Set the related input peripheral function of the function select register B3 to disabled. 


(c) External operation amp connection mode 
In this mode, multiple external analog inputs via the extended analog input pins, ANEXo and ANEX1, can 
be amplified together by just one operation amp and used as the input for A-D conversion. 
When bit 6 of the A-D control register 1 (address 039716) is “1” and bit 7 is “1”, input via ANo to AN7 is 
output from ANEXo. The input from ANEX1 is converted from analog to digital and the result stored in the 
corresponding A-D register. The speed of A-D conversion depends on the response of the external op- 
eration amp. Do not connect the ANEXo and ANEX1 pins directly. Figure 1.21.9 is an example of how to 
connect the pins in external operation amp mode. 
Set the related input peripheral function of the function select register B3 to disabled. 


Resistance ladder 


Successive conversion register 


eae 
aes 
eae 
[ee 
Baa 
cas 
PO O04 


Comparator 
External op-amp 


Figure 1.21.9. Example of external op-amp connection mode 
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D-A Converter 

This is an 8-bit, R-2R type D-A converter. The microcomputer contains two independent D-A converters of this type. 
D-A conversion is performed when a value is written to the corresponding D-A register. Bits 0 and 1 (D-A 
output enable bits) of the D-A control register decide if the result of conversion is to be output. Set the 
function select register A to I/O port, the related input peripheral function of the function select register B3 to 
disabled and the direction register to input mode. Do not set the target port to output mode if D-A conver- 
sion is to be performed. 
Output analog voltage (V) is determined by a set value (n : decimal) in the D-A register. 

V = VREF X n/ 256 (n = 0 to 255) 

VREF : reference voltage 
Table 1.22.1 lists the performance of the D-A converter. Figure 1.22.1 shows the block diagram of the D-A 
converter. Figure 1.22.2 shows the D-A control register. 


Table 1.22.1. Performance of D-A converter 

Performance 
Conversion method R-2R method 

Resolution 8 bits 

Analog output pin 2 channels 


Data bus low-order bits 


D-A register i (8) (i = 0, 1) | (Address 039816, 039A16) 


D-Ai output enable bit (i = 0, 1) 


P93 / DAO 
R-2R resistance ladder o—O P94/ DAI 


Figure 1.22.1. Block diagram of D-A converter 
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D-A control register 


b7 b6 b5 b4 b3 b2 bi bO Symbol Address When reset 
DACON 039C16 0016 


Bit symbol Bit name Function 


0 : Output disabled 
DAOE D-AO output enable bit 1: Output enabled 


DAIE D-A1 output enable bit 0 : Output disabled 
1 : Output enabled 


Nothing is assigned. 
When write, set "0". When read, the value of these bits is "0". 


Symbol Address When reset 
DAi (i = 0,1) 039816, O39A16 Indeterminate 


Function 


Output value of D-A conversion 


Figure 1.22.2. D-A control register 


D-AO output enable bit 


nO" . 
ro) 
DAO © O™~O 
nym 


D-A register 0. | 


AVss © 
VREF O 


Note 1: In the above figure, the D-A register value is "2A16". 

Note 2: This circuit is the same in D-A1. 

Note 3: To save power when not using the D-A converter, set the D-A output enable bit to "0" 
and the D-A register to "0016", and prevent current flowing to the R-2R resistance. 


Figure 1.22.3. D-A converter equivalent circuit 
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CRC Calculation Circuit 

The Cyclic Redundancy Check (CRC) calculation circuit detects an error in data blocks. The microcom- 
puter uses a generator polynomial of CRC_CCITT (X'® + X12 + X° + 1) to generate CRC code. 

The CRC code is a 16-bit code generated for a block of a given data length in multiples of 8 bits. The CRC 
code is set in a CRC data register each time one byte of data is transferred to a CRC input register after 
writing an initial value into the CRC data register. Generation of CRC code for one byte of data is com- 
pleted in two machine cycles. 

Figure 1.23.1 shows the block diagram of the CRC circuit. Figure 1.23.2 shows the CRC-related registers. 


§ Data bus high-order bits S 


Data bus low-order bits 


Eight low-order bits Eight high-order bits 


CRC data register 


(16) 
| (Addresses 037D16, 037C16) 


CRC code generating circuit 
x16 4 x12 4 x54 4 


CRC input register (8) | (Address 037E16) 


Figure 1.23.1. Block diagram of CRC circuit 


CRC data register 


ey Symbol Address When reset 


CRCD 037D16, 037C16 Indeterminate 


Function Values that | iw 
can be set 
"="1 CRC calculation result output register 000016 to FFFF1s |O'O 


CRC input register 


Address When reset 
037E16 Indeterminate 


: Values that 
morte Jo 


Figure 1.23.2. CRC-related registers 
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b15 b0 


. CRC data register CRCD 


b7 bd 
2) Setting 01 CRC input register CRCIN 
pees [| eee 


2 cycles 
After CRC calculation is complete 


b15 bO 


118916 CRC data register CRCD 
[037D16, 037C16] 


J 
a 


6— Stores CRC code 


The code resulting from sending 0116 in LSB first mode is (1000 0000). Thus the CRC code in the generating polynomial, 


(x16 4 x12 4 x5 4 1), becomes the remainder resulting from dividing (1000 0000) X16 by (1 0001 0000 0010 0001) in 
conformity with the modulo-2 operation. 


LSB 
me MSB Modulo-2 operation is 


1000 1000 yf operation that complies 
1 0001 0000 0010 0001 | 1000 0000 0000 0000 0000 0000 with the law given below. 
1000 1000 0001 0000 1 
1000 0001 0000 1000 0 
1000 1000 0001 0000 1 


1001 0001 1000 1000 
LsB* “ss 


9 


8 1 1 
x 4 KF OK 
Thus the CRC code becomes (1001 0001 1000 1000). Since the operation is in LSB first mode, the (1001 0001 1000 1000) 
corresponds to 118916 in hexadecimal notation. If the CRC operation in MSB first mode is necessary in the CRC operation 
circuit built in the M16C, switch between the LSB side and the MSB side of the input-holding bits, and carry out the CRC 
operation. Also switch between the MSB and LSB of the result as stored in CRC data. 


b7 b0 


F CRC input register CRCIN 
eee [| ee 08 7E:6 


After CRC calculation is complete 


b15 bo 


CRC data register CRCD 
= [037D16, 037C16] 


J 
Y 


ee Stores CRC code 


Figure 1.23.3. CRC example 
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X-Y Converter 
X-Y conversion rotates the 16 x 16 matrix data by 90 degrees. It can also be used to invert the top and 
bottom of the 16-bit data. Figure 1.24.1 shows the XY control register. 
The Xi and the Yi registers are 16-bit registers. There are 16 of each (where i= 0 to 15). 
The Xi and Yi registers are mapped to the same address. The Xi register is a write-only register, while the 
Yi register is a read-only register. Be sure to access the Xi and Yi registers in 16-bit units from an even 
address. Operation cannot be guaranteed if you attempt to access these registers in 8-bit units. 


XY control register 
b7 b6 b5 b4 b3 b2 b1 b0 Symbol Address When reset 


X<IXDXIXDXDX] |_| XYG 02E016 XXXXXX002 


1) eee R 


"| = XYCO Read-mode set bit 0 : Data conversion 
1 : No data conversion 
XYC1 Write-mode set bit 0 : No bit mapping conversion 
1 : Bit mapping conversion 


Nothing is assigned. 
When write, set "0". When read, the value of these bits is indeterminate. 


Figure 1.24.1. XY control register 
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The reading of the Yi register is controlled by the read-mode set bit (bit O at address 02E016). 


When the read-mode set bit (bit 0 at address 02E016) is “O”, specific bits in the Xi register can be read at the 
same time as the Yi register is read. 
For example, when you read the YO register, bit 0 bit 0 is read as bit 0 of the XO register, bit 1 is read as bit 
O of the X1 register, ..., bit 14 is read as bit 0 of the X14 register, bit 15 as bit 0 of the X15 register. Similarly, 
when you read the Y15 register, bit 0 is bit 15 of the XO register, bit 1 is bit 15 of the X1 register, ..., bit 14 is 
bit 15 of the X14 register, bit 15 is bit 15 of the X15 register. 
Figure 1.24.2 shows the conversion table when the read mode set bit = “O”. Figure 1.24.3 shows the X-Y 
conversion example. 


Write address 


X15 register (0002DE 
X14 register (0002DC 
X13 register (Q00O2DA 
X12 register (0002D81 
X11 register (0002D61 
X10 register (0002D41 
X9 register (0002D2 
X8 register (0002D0 
X7 register (0002CE1 


X6 register (0002CC16 


X5 register (0002CA1 
X4 register (0002C8 
X3 register (0002C6 
X2 register aneatee 
X1 register (0002C2 
X0 register (0002CO 


6 
6 
6 
6 
6 
6 
6 
6 
6 


6 
6 
6 
6 
6 
6 


Read address 


6 
6 


Y14 register 
Y13 register 


TL Y15 register 
Lt {| 

| | | 

[TT | Y6 regi 


TTT EELEL EI 7 register 


b15 <—_—_________—_—_——_  b0 
Bit of Xi register 


Bit of Yi register 


(X register) 


o 
a 


ro) 
og & 


Figure 1.24.3. X-Y conversion example 
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When the read-mode set bit (bit O at address 02E016) is “1”, you can read the value written to the Xi register 
by reading the Yi register. Figure 1.24.4 shows the conversion table when the read mode set bit = “1”. 


X15,Y15 register (SO0SDE16) 
X14,Y14 register (0002DC16 
X13,Y13 register (0002DA16) 
X12,Y12 register (0002D816) 
X11,Y11 register (0002D616) 
X10,Y10 register (0002D416) 
F X9,Y9 register (0002D216) 
Write address X8,Y8 register (0002D016) 
Read address X7,Y7 register (O002CE 16) 
X6,Y6 register (0002CC16) 
X5,Y5 register (0002CA16) 
X4,Y4 register (0002C816) 
X3,Y3 register (0002C616) 
X2,Y2 register (0002C416) 
X1,Y1 register (0002C216) 
X0,Y0 register (0002C016) 


Bit of Xi register 
Bit of Yi register 


Figure 1.24.4. Conversion table when the read mode set bit = “1” 


The value written to the Xi register is controlled by the write mode set bit (bit 1 at address 02E016). 

When the write mode set bit (bit 1 at address 02E016) is “O” and data is written to the Xi register, the bit 
stream is written directly. 

When the write mode set bit (bit 1 at address 02E016) is “1” and data is written to the Xi register, the bit 
sequence is reversed so that the high becomes low and vice versa. Figure 1.24.5 shows the conversion 
table when the write mode set bit = “1”. 


write address | | | | |||] |i |] ii UI | 


Bit of Xi register 


Figure 1.24.5. Conversion table when the write mode set bit = “1” 
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DRAM Controller 


There is a built in DRAM controller to which it is possible to connect between 512 Kbytes and 8 Mbytes of 
DRAM. Table 1.25.1 shows the functions of the DRAM controller. 


Table 1.25.1 
DRAM space 


DRAM Controller Functions 
512KB, 1MB, 2MB, 4MB, 8MB 


2CAS/1W 


Bus control 


Refresh 


CAS before RAS refresh 


Self refresh-compatible 


Function modes 


EDO-compatible, fast page mode-compatible 


Waits 1 wait or 2 waits, programmable 


To use the DRAM controller, use the DRAM space select bit of the DRAM control register (address 004016) 
to specify the DRAM size. Figure 1.25.1 shows the DRAM control register. 
The DRAM controller cannot be used in external memory mode 3 (bits 1 and 2 at address 000516 are “112’). 
Always use the DRAM controller in external memory modes 0, 1, or 2. 
When the data bus width is 16-bit in DRAM area, set "1" to R/W mode select bit (bit 2 at address 000416). 
Set wait time between after DRAM power ON and before memory processing, and dummy cycle for reflesh 


by sowtwear. 


DRAM control register 


b7 b6 b5 b4 b8 b2 b1 b0 
Address 


0004016 


Symbol 
DRAMCONT 


Bit symbol Bit name Function 


Wait select bit (Note 1) 


DRAM space select bit 


Nothing is assigned. 


When reset 


Indeterminate (Note 4) 


0: Two wait 
1 : One wait 


b3 b2 bt 
00 0: DRAM ignored 


001: Inhibit 
010:0.5MB 
011:1MB 
100:2MB 
101:4MB 
110:8MB 
111: Inhibit 


When write, set "0". When read, the value of these bits is indeterminate. 


Self-refresh mode bit 
(Note 2) 


0: Self-refresh OFF 
1: Self-refresh ON 


The number of cycles with 2 waits is 3-2-2. With 1 wait, it is 2-1-1. 
When you set "1", both RAS and CAS change to "L". When you set "0", 
RAS and CAS change to "H" and then normal operation (read/write, refresh) 
is resumed. In Stop mode, there is no control. 
Set the bus width using the external data bus width control register (address 
000516). When selecting 8-bit bus width, CASH is indeterminate. 
After reset, the content of this register is indeterminate. 

DRAM controller begins executing after writing to this register. 


Figure 1.25.1. DRAM control register 
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¢ DRAM Controller Multiplex Address Output 


The DRAM controller outputs the row addresses and column addresses as a multiplexed signal to the 
address bus A8 to A20. Figure 1.25.2 shows the output format for multiplexed addresses. 


8-bit bus mode 
Pintunction MA12] MAi1] MA10] MAS | MA8 | MA7 ] MAG | MA5] MA4] MAS] MA2] MA1 | MAO 
(A20) | (A19) | (A18) | (A17) | (A16) | (A15) | (A14) | (A13) | (A12) | (A11) | (A10) | (A9) | (A8) 
Row address [eo [iw] ae [ arm ae] as aw [ae | we] an] wo] v0 [a] 
Column address 


512KB, 1MB 


Row address | (A20) a 
Column address [(A22) la 


2MB, 4MB 


row assess [aaa [ao [we [a7 [wo] we] aw [wo] ae] po] @ [om 
Column accross [8 Fe 


16-bit bus mode 


Bid funchion MA12] MA11] MA10| MAQ | MA8 | MA7] MAG | MAS] MA4 | MA3] MA2 | MA1 | MAO 
‘A20) | (A19) | (A18) | (A17) | (A16) | (A15) | (14) | (A13) | (A12) | (A11) | (A10) | (AQ) | (A8 


Row address ae 
Column address 


Row address 
Column address | (*22) 


Row address a) | (8 
Column address i) | 8 


4me, 8m (Note 2) 


Note 1: () invalid bit: I bits that change according to selected mode (8-bit/16-bit bus mode, DRAM 
space). 

Note 2: The figure is for 4Mx1 or 4Mx4 memory configuration. If you are using a 4Mx16 configuration, 
use combinations of the following: For row addresses, MAO to MA12; for column addresses 
MA2 to MA8, MA11, and MA12. Or for row addresses MA1 to MA12; for column addresses 
MA2 to MAY, MA11, MA12. 


Figure 1.25.2. Output format for multiplexed addresses 
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- Refresh 
The refresh method is CAS before RAS. The refresh interval is set by the DRAM refresh interval set 
register (address 004116). The refresh signal is not output in HOLD state. Figure 1.25.3 shows the 
DRAM refresh interval set register. 
Use the following formula to determine the value to set in the refresh interval set register. 


Refresh interval set register value = refresh interval time / (BCLK frequency X 32) - 1 
(0 to 255) 


DRAM refresh interval set register 


Symbol Address When reset 
REFCNT 0004116 Indeterminate 


Bit symbol 


Refresh interval set bit | »7 6 b5 b4 b3 b2 b1 bo 
00000000:1.6us 


joo 
00000001:3.2us loio 
00000010:4.8us pe 
| REFONTS | 

0 
Eo 
11111111:409.6us  [o!o 
ge 


Note: Refresh interval at 20 MHz operating (no division) 
Refresh interval = BCLK frequency X (refresh interval set bit + 1) X 32 


Figure 1.25.3. DRAM refresh interval set register 
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The DRAM self-refresh operates in STOP mode, etc. 

When shifting to self-refresh, select DRAM ignored by the DRAM space select bit. In the next instruction, 
simultaneously set the DRAM space select bit and self-refresh ON by self-refresh mode bit. Also, insert 
two NOPs after the instruction that sets the self-refresh mode bit to "1". 

Do not access external memory while operating in self-refresh. (All external memory space access is 
inhibited. ) 

When disabling self-refresh, simultaneously select DRAM ignored by the DRAM space select bit and self- 
refresh OFF by self-refresh mode bit. In the next instruction, set the DRAM space select bit. 

Do not access the DRAM space immediately after setting the DRAM space select bit. 


Example) One wait is selected by the wait select bit and 4MB is selected by the DRAM space select bit 
Shifting to self-refresh 
mov.b #00000001b,DRAMCONT — ;DRAM ignored, one wait is selected 
mov.b #10001011b,DRAMCONT _ ;Set self-refresh, select 4MB and one wait 
nop ;Two nops are needed 
nop ; 


Disable self-refresh 


mov.b #00000001b,DRAMCONT __ ;Disable self-refresh, DRAM ignored, one wait is 


selected 
mov.b #00001011b,DRAMCONT _ ;Select 4MB and one wait 
nop ;Inhibit instruction to access DRAM area 


Figures 1.25.4 to 1.25.6 show the bus timing during DRAM access. 
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< Read cycle (wait control bit = 0) > 


MAO to MA12 address 1 address 2 addre 


(EDO mode) 
Note : Only CASL is operating in 8-bit data bus width. 


< Write cycle (wait control bit = 0) > 


BCLK | | | | | | | | | | | 
Row Column Column Column 


Do to D15 


Note : Only CASL is operating in 8-bit data bus width. 


Figure 1.25.4. The bus timing during DRAM access (1) 
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< Read cycle (wait control bit = 1) > 


MAO to MA12 address 2/\address 3 address 4 


(EDO mode) 
Note : Only CASL is operating in 8-bit data bus width. 


< Write cycle (wait control bit = 1) > 


Row Column Column Column Column 


Note : Only CASL is operating in 8-bit data bus width. 


Figure 1.25.5. The bus timing during DRAM access (2) 
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< CAS before RAS refresh cycle > 


Note : Only CASL is operating in 8-bit data bus width. 


< Self refresh cycle > 


Note : Only CASL is operating in 8-bit data bus width. 


Figure 1.25.6. The bus timing during DRAM access (3) 
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Programmable I/O Ports 
There are 87 programmable I/O ports: PO to P10 (excluding P85). Each port can be set independently for 
input or output using the direction register. A pull-up resistance for each block of 4 ports can be set. P85 is 
an input-only port and has no built-in pull-up resistance. 
Figures 1.26.1 to 1.26.3 show the programmable I/O ports. 
Each pin functions as a programmable I/O port and as the I/O for the built-in peripheral devices. 
To use the pins as the inputs for the built-in peripheral devices, set the direction register of each pin to input 
mode. When the pins are used as the outputs for the built-in peripheral devices (other than the D-A con- 
verter), set the corresponding function select registers A, B and C. When pins are to be used as the outputs 
for the D-A converter, set the function select register of each pin to I/O port, and set the direction registers 
to input mode. 
Table 1.26.1 lists each port and peripheral function. 
See the descriptions of the respective functions for how to set up the built-in peripheral devices. 


(1) Direction registers 


Figure 1.26.4 shows the direction registers. 

These registers are used to choose the direction of the programmable I/O ports. Each bit in these regis- 
ters corresponds one for one to each I/O pin. 

In memory expansion and microprocessor mode, the contents of corresponding direction register for 
setting of bus control such as address bus and data bus is not changed. 

Note: There is no direction register bit for P85. 


(2) Port registers 


Figure 1.26.5 shows the port registers. 

These registers are used to write and read data for input and output to and from an external device. A 
port register consists of a port latch to hold output data and a circuit to read the status of a pin. Each bit 
in port registers corresponds one for one to each I/O pin. 

In memory expansion and microprocessor mode, the contents of corresponding port register for setting of 
bus control such as address bus and data bus is not changed. 


(3) Function select register A 


Figures 1.26.6 and 1.26.7 show the function select registers A. 

The register is used to select port output and peripheral function output when the port functions for both 
port output and peripheral function output. 

Each bit of this register corresponds to each pin that functions for both port output and peripheral function 
output. 
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(4) Function select register B 
Figures 1.26.8 and 1.26.9 show the function select registers B. 
This register selects the 1st peripheral function output and second peripheral function output when mul- 
tiple peripheral function outputs are assigned to a pin. For pins with a third peripheral function, this regis- 
ter selects whether to enable the function select register C, or output the second peripheral function. 
Each bit of this register corresponds to each pin that has multiple peripheral function outputs assigned to it. 
This register is enabled when the bits of the corresponding function select register A are set for peripheral 
functions. 
The bit 3 to bit 6 of function select register B3 is ignored bit for input peripheral function. When using DAO/ 
DA1 and ANEX0/ANEX1, set related bit to "1". When not using DAO/DA1 or ANEX0/ANEX1, set related 
bit to "0". 


(5) Function select register C 
Figure 1.26.10 shows the function select register C. 
This register is used to select the first peripheral function output and the third peripheral function output 
when three peripheral function outputs are assigned to a pin. 
This register is effective when the bits of the function select register A of the counterpart pin have selected 
a peripheral function and when the function select register B has made effective the function select 
register C. 
The bit 7 (PSC_7) is assigned the key-in interrupt inhibit bit. Setting 1 in the key-in interrupt inhibit bit 
causes no key-in interrupts regardless of the settings in the interrupt control register even if L is entered 
in pins KIO to KI3. With 1 set in the key-in interrupt inhibit bit, input from a port pin cannot be effected even 
if the port direction register is set to input mode. 


(6) Pull-up control registers 
Figures 1.26.11 and 1.26.12 show the pull-up control registers. 
The pull-up control register can be set to apply a pull-up resistance to each block of 4 ports. When ports 
are set to have a pull-up resistance, the pull-up resistance is connected only when the direction register is 
set for input. 
Since PO to P5 operate as the bus in memory expansion mode and microprocessor mode, do not set the 
pull-up control register. However, it is possible to select pull-up resistance presence to the usable port as 
I/O port by setting. 


(7) Port control register 
Figure 1.26.13 shows the port control register. 
This register is used to choose whether to make port P1 a CMOS port or an Nch open drain. In the Nch 
open drain, the port P1 has no function that a complete open drain but keeps the CMOS port’s Pch 
always turned off. Thus the absolute maximum rating of the input voltage falls within the range from - 0.3 
Vto+0.3 V. 
The port control register functions similarly to the above also in the case in which port P1 can be used as 
a port when the bus width in the full external areas comprises 8 bits in either microprocessor mode or in 
memory expansion mode. 
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Pull-up selection 


Direction register 


POo to P07, P20 to P27, 
P30 to P37, P40 to P47, < 
P50 to P52, P54 to P57 


Port latch 


Pull-up selection 


Pio to Pla Direction register y——_ > LD 


Port P1 control 4 
register bit 0 as 


<q ° 


Data bus —+#-+ Port latch 


q 


Pull-up selection 


P15 to P17 Direction register Lyfe > 


Port P1 control 
register bit 0 


<q ° 


Data bus —# Port latch 


a 
<j 


Input to respective peripheral functions 


Pull-up selection 


Direction register 


q 


Port latch 


P62, P66, P77, P87 


Input to respective peripheral functions 


Figure 1.26.1. Programmable I/O ports (1) 
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Pull-up selection 
P82 to P84 


Direction register 
Data bus —e#— Port latch 


q 
q 


Input to respective peripheral functions 


Note 
fou aoe Bee cen oe 5G Function select Pull-up selection— 
5, Ft, ’ ’ , P97 register 
(inside dotted-line not included) Directi ; 
P53, P6s, P67, P74, P76, P80, P86 Vechon tegisiek 
(inside dotted-line included) 


Output from respective 
peripheral functions 


Data bus ——¥—_] Port latch 


Input to respective peripheral functions 


Note : P53 is connected to clock output function select bit. 


Data bus 


NMI interrupt input 


Function select 
register A 


Direction register 


<}+ 


Output from respective 
peripheral functions 


Data bus —#— Port latch 


x 


Input to respective peripheral functions 


Figure 1.26.2. Programmable I/O ports (2) 
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P100 to P103 Pull-up selection 


Direction register 


q 


Data bus —#— Port latch | 


— 
= 


Analog input 


Pull-up selection 
P104 to P107 


r— Direction register 


' <J 


Databus —¢*— Port latch 


Input to respective peripheral functions 


Analog input 


Function select Pull-up selection —{ 
register A 


Direction register 


Output from respective 
peripheral functions 


Data bus —+ Port latch 


Input to respective peripheral functions <4 


Analog input O68. 
D-A output enabled 


P95 (inside dotted-line included) Function select Pull-up selection—— 
PQe (inside dotted-line not included) register A 


Direction register 
Output from respective 


peripheral functions 
Data bus —+#) Port latch 


Analog input 


Figure 1.26.3. Programmable I/O ports (3) 
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Port Pi direction register (Note 1,2) 


Symbol Address When reset 
b7 b6 bS b4 b3 b2 b1 bo PDi(i=0to 10, except 8) 03E216, 03E316, 03E616, 03E716, 0016 
O3EA16, 03EB16, 030216, 03C316, 
030716, O3CA16 


siya 
}PDi_O —_| Port Pio direction register eke) 
Port Pit direction register ee tpuiaeds F 
= 9 (Functions as an input port) 
Port Pi2 direction register | 1 : Output mode 
Port Pis direction register (Functions as an output port) 
Port Pi4 direction register (i = 0 to 10 except 8) 
Port Pis direction register 
/PDi6 Port Pie direction register 
Port Pi7 direction register 


Note 1: Set bit 2 of protect register (address 000A16) to “1” before rewriting to the port 
P9 direction register. 

Note 2: In memory expansion and microprocessor mode, the contents of 
corresponding port Pi direction register for setting of bus control such as 
address bus and data bus is not changed. 


Port P8 direction register 


b7 b6 b5 b4 b3 b2 bi b0 Symbol When reset 


PD8 00X000002 


Bit symbol R 
PD8 0 Port P80 direction register 
PD8_1 Port P81 direction register | 0 ‘ Input mode 
= : (Functions as an input port) 
PD8_2 Port P82 direction register | 1 : Output mode 
PD8 3 Port P83 direction register (Functions as an output port) 
PD8 4 Port P84 direction register 


Nothing is assigned. 
This bit can either be set nor reset. When read, its content is indeterminate. 


PD8 6 Port P86 direction register | 9 : Input mode 
(Functions as an input port) 


aan j 1 : Output mode 
PD8_7 Port P87 direction register (Functions as an output port) 


Figure 1.26.4. Direction register 
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Port Pi register (Note 1) 


Symbol Address When reset 
b7 b6 bS b4 b3 b2 bi bO Pi (i=O0to 10, except 8) 03E016, 03E116, 03E416,03E516, Indeterminate 
03E816, 03E916, 030016, 03C116, Indeterminate 
030516, 03C816 


por Dintegietel Data is input and output to and from 

Port Pit register each pin by reading and writing to 
and from each corresponding bit 

pon reegee! 0: “L’ level data 
Port Pi3 register 1: “H” level data (Note 2) 
Port Pi4 register (i = 0 to 10 except 8) 
a Port Pis register 
|PDi6 Port Pie register 
Port Piz register 


Note 1: In memory expansion and microprocessor mode, the contents of 
corresponding port Pi direction register for setting of bus control such as 
address bus and data bus is not changed. 

Note 2: P7o and P71 are N-channel open drain ports and high inpedance outputs. 


Port P8 register 


DY be be bee eet be Symbol Address When reset 
P8 030416 Indeterminate 


PD8_0 Port P80 register = 
- Data is input and output to and from 

PD8_1 Port P81 register each pin by reading and writing to 
PD8 2 Port P82 register and from each corresponding bit 

= (except for P85) 
PD8_3 Port P83 register 0: “L” level data 
PD8 4 Port P84 register wai level dats 
PD8 5 Port P85 register 
PD8 6 Port P86 register 
PD8 7 Port P87 register 


Figure 1.26.5. Port register 
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Table 1.26.1. Each port and peripheral output function (Note 1) 


P60 


Periphral output function 1 


RTSo output 


Periphraloutput function 2 


Periphral output function 3 


P61 


CLKo output 


P62 


P63 


TxDo output 


P64 


RTS1 output 


CLKS1 output 


P65 


CLK1 output 


P66 


P67 


TXD1 output 


P7o(Note 2) 


TxD2(SDAz2) output 


TAOOUT output 


P71 (Note 2) 


SCL2 output 


P72 


CLK2 output 


TA10UuT output 


V phase output 


P73 


RTS2 output 


V phase output 


P74 


TA20uT output 


W phase output 


P75 


W phase output 


P76 


TASOUT output 


P77 


P80 


TA4OuT output 


U phase output 


P81 


U phase output 


P82 


P83 


P84 


P85 


P86 


P87 


P90 


CLK3 output 


P91 


SCL3 output 


STXD3 output 


P92 


TxD3(SDA3) output 


P93 


RTS3 output 


P94 


RTS4 output 


P95 


CLK4 output 


P96 


TxD4(SDA4) output 


P97 


SCL3 output 


STXD4 output 


Note 1: When using peripheral input function, set the corresponding function select register A to "0" (I/O port). 
Note 2: N-channel open drain output. 
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Function select register AO 


re Ses Address When reset 
03B016 0X000X002 


PSO_0 Port P60 function select bit | 0 : I/O port 

1: RTSO output 
PSO_1 Port P61 function select bit | 0 : I/O port 

1 : CLKO output 


Nothing is assigned. 
When write, set "0". When read, the content is indeterminate. 


PSO_3 Port P63 function select bit | 0 : I/O port 
1: TXDO output 


Port P64 function select bit | 0: I/O port 
1 : Peripheral function output 
(PSLO_4 enabled) 


PSO_5 Port P65 function select bit | 0: I/O port 
1: CLK1 output 


Nothing is assigned. 
When write, set "0". When read, the content is indeterminate. 


PSO_7 Port P67 function select bit | 0 : I/O port 
1: TXD1 output 


Function select register A1 


poceceee 


ote ee Address When reset 
03B116 x00000002 


PS1_0 Port P70 function select bit | 0: I/O port 
(Note) 1: Peripheral function output 
(PSL1_0 enabled) 
PS1_1 Port P71 function select bit | 0 : I/O port 
a eee ee 
PS1_2 Port P72 function select bit | 0 : I/O port 
1 : Peripheral function output 
(PSL1_2, PSC_0 enabled) 
PS1_3 Port P73 function select bit | 0 : I/O port 
a 1 : Peripheral function output 
(PSL1_3 enabled) 
PS1_4 Port P74 function select bit | 0 : I/O port 
1 : Peripheral function output 
(PSL1_4 enabled) 
PS1_5 Port P75 function select bit 
1 : W phase output 
PS1_6 Port P76 function select bit | 0: I/O port 
1 : TAS3OUT output 


Nothing is assigned. 
When write, set "0". When read, the content is indeterminate. 


pocceeee 


Note: This port is N-channel open drain output. 


Figure 1.26.6. Function select register A (1) 
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Function select register A2 


b7 b6 b5 b4 b3 b2 bi b0 Address When reset 


XIX IXDX IX] | 03B416 XXXXXX002 
R 


PS2_0 Port P80 function select bit | 0 : I/O port 
1 : Peripheral function output 
(PSL2_0 enabled) 


PS2_1 Port P81 function select bit | 0 : I/O port 
1 : U phase output 


Nothing is assigned. 
When write, set "0". When read, the content is indeterminate. 


rrccccce 


Function select register A3 (Note) 


Ba Ber Bee ih bs be bt bo Symbol Address When reset 


PS3 03B516 0016 


Bit symbol 


PS3_0 Port P90 function select bit : I/O port 
: CLK3 output 


Port P91 function select bit : I/O port 
i Peripheral function output 
(PSL3_1 enabled) 


PS3_2 Port P92 function select bit : /O port 
: TxD3(SDA3) output 
PS3_3 Port P93 function select bit : I/O port 
: RTS3 output 
PS3 4 Port P94 function select bit : I/O port 
: : RTS4 output 
PS3_5 Port P95 function select bit : : I/O port 
: CLK4 output 
PS3_6 Port P96 function select bit : I/O port 
: TxD4(SDA4) output 


Port P97 function select bit | 0 : I/O port 
1 : Peripheral function output 
(PSL3_7 enabled) 


Note: Set bit 2 of protect register (address 000A16) to “1” before rewriting to this register. 


Figure 1.26.7. Function select register A (2) 
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Function select register BO 


b7 b6 b5 b4 b3 b2 b1 bd When reset 


XXXOXXXX2 


Si eymba Aw 


Nothing is assigned. 
When write, set "0". When read, the content is indeterminate. 


Port P64 peripheral function 0: RTS1 output 


select bit 1: CLKS1 output 
(Enabled when PSO_4 = 1) 


Nothing is assigned. 
When write, set "0". When read, the content is indeterminate. 


Function select register B1 


ST Address When reset 
03B316 XXX000X02 


Bit symbol R 


PSL1_0 Port P70 peripheral function 0 : TxD2(SDA2) port 
select bit 1 : TAOOUT output 
(Enabled when PS1_0 = 1) 
(Note 2) 


Nothing is assigned. 
When write, set "0". When read, the content is indeterminate. 


PSL1_2 Port P7o peripheral function 0 : Port P72 peripheral 
select bit subfunction select bit 
(Enabled when PS1_2 = 1) PSC_0) is enabled 
: TA10UT output (Note 1) 
PSL1 3 Port P7o peripheral function - RTS2 port 
~ select bit ap 
(Enabled when PS1_3 = 1) = paaSe GuIpUt 
PSL1_4 | Port P70 peripheral function : TA20uT port 
select bit : 
(Enabled when PS1_4 = 1) WE pies eouipul 


Nothing is assigned. 
When write, set "0". When read, the content is indeterminate. 


Note 1: Set PSC_0 to “1”. 
Note 2: This port is N-channel open drain output. 


Function select register B2 
b7 b6 bd b4 b3 b2 bi b0 Address When reset 
03B616 XXXXXXX02 


Bit symbol Bit name R 


PSL2_0 Port P80 peripheral function select | 0 : TA4ouT output 
bit (Enabled when PS2_0 = 1) 1: U phase output 


Nothing is assigned. 
When write, set "0". When read, the content is indeterminate. 


Figure 1.26.8. Function select register B (1) 
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Function select register B3 


b7 b6 b5 b4 b3 b2 b1 b0 
Address When reset 
03B716 XXXXXXXX2 


Bit symbol Bit name R 


Nothing is assigned. 
When write, set "0". When read, the content is indeterminate. 


PSL3_1 Port P91 peripheral function | 0 : SCL3 output 
select bit 1 : STxDs3 output 


Nothing is assigned. 
When write, set "0". When read, the content is indeterminate. 


Port P93 peripheral function | 0 : Input peripheral function 
enabled (Except DAO output) 
(Note) 
1 : Input peripheral function 
disabled (DAO output) 


Port P94 peripheral function | 0 : Input peripheral function 
enabled (Except DA1 output) 
(Note) 


1 : Input peripheral function 
disabled (DA1 output) 


Port P95 peripheral function | 0 : Input peripheral function 
enabled (Except ANEX0 use) 
(Note) 
1 : Input peripheral function 
disabled (ANEX0 use) 
Port P96 peripheral function | 0 : Input peripheral function 
enabled (Except ANEX1 use) 
(Note) 
1 : Input peripheral function 
disabled (ANEX1 use) 


PSL3_7 Port P97 peripheral function | 0: SCL4 output 
select bit 1 : STxD4 output 


Note: Although DAO, DA1 output and ANEXO, ANEX1 can be used when "0" is set in 
these bits, the power supply may be increased. 


Figure 1.26.9. Function select register B (2) 


Function select register C 


b7 b6 b5 b4 b3 b2 bi b0 Address When reset 
O3AFi6 0016 


Bit symbol 


Port P72 peripheral subfunction 0 : CLK2 output 
select bit (Enabled when PS1_2 = | 1 : V phase output 
1 and PSL1_2 = 0) 


pooeceee 


Nothing is assigned. 
When write, set "0". When read, the content is indeterminate. 


PSC_7 Key input interrupt disable bit 0 : Enabled 
(Note 2) 1: Disabled 


Note 1: Set this bit to "O" when PSL1_2 ="1". 

Note 2: When this bit is "1", key input interrupt for interrupt controller is disabled 
regardless of port input and setting of interrupt control register. 
When changing this bit, set key input interrupt disabled by key input interrupt 
control register. 


Figure 1.26.10. Function select register C 
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Pull-up control register 0 (Note) 


b7_ b6 bd b4 b3 b2 bi bd 
Symbol Address When reset 


PURO 03F016 0016 


Bit symbol R 
ie POro ree pulrup The corresponding port is pulled 
PUO1 P04 to P07 pull-up high with a pull-up resistance 

z 0: Not pulled high 
PU02 P10 to P13 pull-up 1: Pulled high 
PU03 P14 to P17 pull-up 
PU04 P20 to P23 pull-up 
PU05 P24 to P27 pull-up 
PU06 P30 to P33 pull-up 
PU07 P34 to P37 pull-up 


Note: Since PO to P5 operate as the bus in memory expansion mode and microprocessor 
mode, do not set the pull-up control register. However, it is possible to select pull- 
up resistance presence to the usable port as I/O port by setting. 


Pull-up control register 1 (Note) 


b7 b6 b5 b4 b3 b2 bi bd 
Symbol Address When reset 


PUR1 03F 116 X016 


PUIO Pao to P4S pull-up The corresponding port is pulled 


PU11 P44 to P47 pull-up high with a pull-up resistance 
PU12 P50 to PSs pull-up e Sei 
PU13 P54 to P57 pull-up 


Nothing is assigned. 
Theses bits can neither be set nor reset. When read, their contents are “0”. 


Note: Since PO to P5 operate as the bus in memory expansion mode and microprocessor 
mode, do not set the pull-up control register. However, it is possible to select pull- 
up resistance presence to the usable port as I/O port by setting. 


Pull-up control register 2 


b7 b6 b5 b4 b3 b2 bt bO 
Symbol Address When reset 


PUR2 O3DA16 0016 


PU14 P60 to P63 pull-up The corresponding port is pulled 
PU15 P64 to P67 pull-up 0 : Not pulled high 

PU16 P70 to P73 pull-up (Note 1)| 1 : Pulled high 

PU17 P74 to P77 pull-up 

PU20 P80 to P83 pull-up 

PU21 P84 to P87 pull-up (Note 2) 

PU22 P90 to P93 pull-up 

PU23 P94 to P97 pull-up 


Note 1: Since P7o and P71 are N-channel open drain ports, pull-up is not available for them. 
Note 2: Except port P85. 


Figure 1.26.11. Pull-up control register (1) 
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Pull-up control register 3 


b7 b6 bd b4 b3 b2 b1 b0 


oTolofofofol |] Burs OaDB6 oo%8 


Bi sybo A 


PUSO P100 to P103 pull-up The corresponding port is pulled 
high with a pull-up resistance 
PU31 P104 to P107 pull-up . ila ate 


Reserved bit Must set to "0". 


Figure 1.26.12. Pull-up control register (2) 


Port control register (Note 1) 


b7 b6 b5 b4 b3 b2 bi b0 Symbp! Address When reset 
PCR O3FF16 XXXXXXXO02 


Bitsymbol | __Bitname | ___Funelon___[RIW 


PCRO Port P1 control register 0 : Function as common CMOS 
port 
1 : Function as N-ch open drain 
port 
(Note 2) 


pocccccee 


Nothing is assigned. 
When write, set "0". When read, their contents are indeterminate. 


Note 1: Since P1 operates as the data bus in memory expansion mode and 
microprocessor mode, do not set the port control register. However, it is 
possible to select the CMOS port or N-channel open drain to the usable port 
as I/O port by setting. 

Note 2: This function is designed to permanently turn OFF the Pch of the CMOS port. 


Figure 1.26.13. Port control register 
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Table 1.26.2. Example connection of unused pins in single-chip mode 


Pin name 


Ports PO to P10 
(excluding P85) 


Connection 


After setting for input mode, connect every pin to Vss via a resistance 
(pull-down); or after setting for output mode, leave these pins open. 


XouT (Note) 


Open 


NMI 


Connect via resistance to VCc (pull-up) 


AVcc 


Connect to Vcc 


AVss, VREF, BYTE 


Connect to VSS 


Note: With external clock input to XIN pin. 


Table 1.26.3. Example connection of unused pins in memory expansion mode and microprocessor mode 


Pin name Connection 


Ports P6 to P10( 
excluding P85) 


After setting for input mode, connect every pin to Vss via a resistance 
(pull-down); or after setting for output mode, leave these pins open. 


BHE, ALE, HLDA, 
XouT(Note), BCLK 


Open 


HOLD, RDY, NMI 


Connect via resistance to VCC (pull-up) 


AVcc 


Connect to Vcc 


AVss, VREF 


Connect to VSs 


Note: With external clock input to XIN pin. 


Microcomputer 
Port PO to P10 (except for P85) 


(Input mode) 


(Input mode) 
(Output mode) 


NMI 


In single-chip mode 


Microcomputer 
Port P6 to P10 (except for P85) 


(Input mode) 


(Input mode) 
(Output mode) 


In memory expansion mode or 
in microprocessor mode 


Figure 1.26.14. Example connection of unused pins 
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Usage Precaution 
SFR 


(1) Addresses 030916, 03CB16 to 03D316 area is for future plan. Must set "FF16" to address 03CB16, 
03CE16, 03CF16, 03D216, 03D316 at initial setting. 


Timer A (timer mode) 


(1) Reading the timer Ai register while a count is in progress allows reading, with arbitrary timing, the 
value of the counter. Reading the timer Ai register with the reload timing gets “FFFF16”. Reading 
the timer Ai register after setting a value in the timer Ai register with a count halted but before the 
counter starts counting gets a proper value. 


Timer A (event counter mode) 


(1) Reading the timer Ai register while a count is in progress allows reading, with arbitrary timing, the 
value of the counter. Reading the timer Ai register with the reload timing gets “FFFF16” by under- 
flow or “000016” by overflow. Reading the timer Ai register after setting a value in the timer Ai 
register with a count halted but before the counter starts counting gets a proper value. 

(2) When stop counting in free run type, set timer again. 


Timer A (one-shot timer mode) 
(1) Setting the count start flag to “O” while a count is in progress causes as follows: 
* The counter stops counting and a content of reload register is reloaded. 
¢ The TAiOUT pin outputs “L” level. 
¢ The interrupt request generated and the timer Ai interrupt request bit goes to “1”. 
(2) The timer Ai interrupt request bit goes to “1” if the timer's operation mode is set using any of the 
following procedures: 
* Selecting one-shot timer mode after reset. 
* Changing operation mode from timer mode to one-shot timer mode. 
* Changing operation mode from event counter mode to one-shot timer mode. 
Therefore, to use timer Ai interrupt (interrupt request bit), set timer Ai interrupt request bit to “O” after 
the above listed changes have been made. 


Timer A (pulse width modulation mode) 

(1) The timer Ai interrupt request bit becomes “1” if setting operation mode of the timer in compliance 

with any of the following procedures: 

* Selecting PWM mode after reset. 

* Changing operation mode from timer mode to PWM mode. 

* Changing operation mode from event counter mode to PWM mode. 
Therefore, to use timer Ai interrupt (interrupt request bit), set timer Ai interrupt request bit to “O” 
after the above listed changes have been made. 

(2) Setting the count start flag to “O” while PWM pulses are being output causes the counter to stop 
counting. If the TAiOUT pin is outputting an “H” level in this instance, the output level goes to “L”, 
and the timer Ai interrupt request bit goes to “1”. If the TAIOUT pin is outputting an “L” level in this 
instance, the level does not change, and the timer Ai interrupt request bit does not becomes “1”. 
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Timer B (timer mode, event counter mode) 

(1) Reading the timer Bi register while a count is in progress allows reading , with arbitrary timing, the 
value of the counter. Reading the timer Bi register with the reload timing gets “FFFF16”. Reading the 
timer Bi register after setting a value in the timer Bi register with a count halted but before the counter 
starts counting gets a proper value. 


Timer B (pulse period/pulse width measurement mode) 


(1) If changing the measurement mode select bit is set after a count is started, the timer Bi interrupt 
request bit goes to “1”. 

(2) When the first effective edge is input after a count is started, an indeterminate value is transferred to 
the reload register. At this time, timer Bi interrupt request is not generated. 


A-D Converter 


(1) Write to each bit (except bit 6) of A-D control register 0, to each bit of A-D control register 1, and to bit 
0 of A-D control register 2 when A-D conversion is stopped (before a trigger occurs). 

In particular, when the Vref connection bit is changed from “0” to “1”, start A-D conversion after an 
elapse of 1 us or longer. 

(2) When changing A-D operation mode, select analog input pin again. 

(3) Using one-shot mode or single sweep mode 
Read the correspondence A-D register after confirming A-D conversion is finished. (It is known by A- 
D conversion interrupt request bit.) 

(4) Using repeat mode, repeat sweep mode 0 or repeat sweep mode 1 
Use the undivided main clock as the internal CPU clock. 

(5) When f(XIN) is faster than 10 MHz, make the frequency 10 MHz or less by dividing. 

(6) To carry out A-D conversion properly, charging the internal capacitor C shown in Figure 2.7.29 has to 
be completed within a specified period of time. With T as the specified time, time T is the time that 
switches SW2 and SW3 are connected to O in Figure 2.7.28. Let output impedance of sensor equiva- 
lent circuit be RO, microcomputer’s internal resistance be R, precision (error) of the A-D converter be 
X, and the A-D converter’s resolution be Y (Y is 1024 in the 10-bit mode, and 256 in the 8-bit mode). 

t 


Vc is generally Vc = VIN {1 -e ~ C(RO+R) } 
X X 
And when t= T, Vc=VIN —. VINE VINA = y ) 
+ 
C(RO+R) _% 
7 ~ Y 
a xX 
C(RO+R) =" y 
T 
Hence, RO =———- —-R 
Celn = 
Y 
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With the model shown in Figure 1.27.1 as an example, when the difference between VIN and Vc becomes 
0.1LSB, we find impedance RO when voltage between pins Vc changes from 0 to VIN-(0.1/1024) VIN in 
time T. (0.1/1024) means that A-D precision drop due to insufficient capacitor charge is held to 0.1LSB at 
time of A-D conversion in the 10-bit mode. Actual error however is the value of absolute precision added 
to 0.1LSB. When f(XIN) = 10 MHz, T = 0.3 us in the A-D conversion mode with sample & hold. Output 
impedance RO for sufficiently charging capacitor C within time T is determined as follows. 

T =0.3 us, R = 7.8 kO, C = 3 pF, X = 0.1, and Y = 1024 . Hence, 

0.3 X 10° 
RO =- -7.8 X10 =3.0 X 10% 
3.0 X 10 «In 


1024 


Thus, the allowable output impedance of the sensor circuit capable of thoroughly driving the A-D con- 
verter turns out to be approximately 3.0 kQ. Tables 1.27.1 and 1.27.2 show output impedance values 
based on the LSB values. 


Microprocessor's inside 
Sensor-equivalent circuit 


Ro 3 R (7.8kQ) 
WW Wi—e 


C (3.0pF) __ 


Figure 1.27.1 A circuit equivalent to the A-D conversion terminal 
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Tables 1.27.1. Output impedance values based on the LSB values (10-bit mode) 


Sampling time 
(us) 
0.3 
(3 X cycle, 
Sample & hold 
bit is enabled) 


Resolution 


0.2 
(2 X cycle, 
Sample & hold 
bit is enabled) 


Sampling time 
(us) 


0.3 
(3 X cycle, 
Sample & hold 
bit is enabled) 


ROmax 
(Kohm) 


0.2 
(2 X cycle, 
Sample & hold 
bit is enabled) 
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Stop Mode and Wait Mode 

(1) When returning from stop mode by hardware reset, RESET pin must be set to “L” level until main clock 
oscillation is stabilized. 

(2) When shifting to WAIT mode or STOP mode, the program stops after reading from the WAIT instruc- 
tion and the instruction that sets all clock stop control bits to “1” in the instruction queue. Therefore, 
insert a minimum of 4 NOPs after the WAIT instruction and the instruction that sets all clock stop 
control bits to “1” in order to flush the instruction queue. 


Interrupts 


(1) Setting the stack pointer 
¢ The value of the stack pointer is initialized to 000016 immediately after reset. Accepting an 
interrupt before setting a value in the stack pointer may cause runaway. Be sure to set a value in 
the stack pointer before accepting an interrupt. 
When using the NMI interrupt, initialize the stack pointer at the beginning of a program. Regard- 
ing the first instruction immediately after reset, generating any interrupts including the NMI inter- 
rupt is prohibited. 
Set an even address to the stack pointer so that operating efficiency is increased. 
(2) The NMI interrupt 
* As for the NMI interrupt pin, an interrupt cannot be prohibited. Connect it to the Vcc pin if unused. 
(3) Address match interrupt 
Do not set the following addresses to the address match interrupt register. 
1. The start address of an interrupt instruction 
2. Address of an instruction to clear an interrupt request bit of an interrupt control register or any of 
the next 7 instructions addresses immediately after an instruction to rewrite an interrupt priority 
level to a smaller value 
3. Any of the next 3 instructions addresses immediately after an instruction to set the interrupt 
enable flag (I flag). 
4. Any of the next 3 instructions addresses immediately after an instruction to rewrite a processor 
interrupt priority level (IPL) to a smaller value. 


Example 1) 
Interrupt_A: ; Interrupt A routine 
pushm RO0,R1,R2,R3,A0,A1 —; <---- Do not set address match interrupt to the 
eeee start address of an interrupt instruction 
Example 2) 
mov.b #0,TAOIC ;Change TAO interrupt priority level to a smaller value 
nop > 1stinstruction } 
nop ; 2nd instruction 
nop ; 3rd instruction 
nop - Ath instruction + Do not set address match interrupt 
nop ; 5th instruction during this period 
nop ; 6th instruction 
nop ; 7th instruction |} 
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Example 3) 
fset | ; Set | flag ( interrupt enabled) 
nop ; 1st instruction 
nop - 2nd instruction + Do not set address match interrupt 
nop ; 3rd instruction | aang this Pelion 
Example 4) 
Idip| #0 ; Rewrite IPL to a smaller value 
nop ; 1st instruction 
; Do not set address match interrupt 
nop ; 2nd instruction : : : 
during this period 
nop ; rd instruction J 
DMAC 


(1) Do not clear the DMA request bit of the DMAi request cause select register. 
In M16C/80, when a DMA request is generated while the channel is disabled (Note), the DMA transfer 
is not executed and the DMA request bit is cleared automatically. 
Note :The DMA is disabled or the transfer count register is "0". 

(2) When DMA transfer is done by a software trigger, set DSR and DRQ of the DMAi request cause select 
register to "1" simultaneously using the OR instruction. 

e.g.) OR.B #0A0h, DMISL ; DMiSL is DMAi request cause select register 

(3) When changing the DMAi request cause select bit of the DMAi request cause select register, set "1" to 
the DMA request bit, simultaneously. In this case, the corresponding DMA channel is set to disabled. 
At least 2 instructions are needed from the instruction to write to the DMAi request cause select bit to 
enable DMA. 


Example) When DMA request cause is changed to timer AO and using DMAO in single transfer 
after DMA initial setting 


push.w RO ; Store RO register 

stc DMDO, RO ; Read DMA mode register 0 

and.b #11111100b, ROL ; Clear DMAO transfer mode select bit to "00" 
Idc RO, DMDO ; DMAO disabled 


mov.b #1000001 1b, DMOSL ; Select timer AO 
; (Write "1" to DMA request bit simultaneously) 


mov.b ROL, ROL ; Dummy cycle At least 2 instructions 
or.b #00000001b, ROL ; Set DMAO single transfer | are needed until DMA 
Ide RO, DMDO - DMAO enabled enabled. 

pop.w RO ; Restore RO register 


Noise 


(1) A bypass capacitor should be inserted between Vcc-Vss line for reducing noise and latch-up 
Connect a bypass capacitor (approx. 0.1u.F) between the Vcc and Vss pins using short wiring and 
thicker circuit traces. 
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Reducing power consumption 

(1) When A-D conversion is not performed, select the Vref not connected with the Vref connect bit of A-D 
control register 1. When A-D conversion is performed, start the A-D conversion at least 1 us or longer 
after connecting Vref. 

(2) When using AN4 (P104) to AN7 (P107), select the input disable of the key input interrupt signal with 
the key input interrupt disable bit of the function select register C . 
When selecting the input disable of the key input interrupt signal, the key input interrupt cannot be 
used. Also, the port cannot be input even if the direction register of P104 to P107 is set to input (the 
input result becomes undefined). When the input disable of the key input interrupt signal is selected, 
use all AN4 to AN7 as A-D inputs. 

(3) When ANEXO and ANEX1 are used, select the input peripheral function disable with port P95 and P96 
input peripheral function select bit of the function select register B3. 
When the input peripheral function disable is selected, the port cannot be input even if the port direc- 
tion register is set to input (the input result becomes undefined). 
Also, it is not possible to input a peripheral function except ANEXO and ANEX1. 

(4) When D-A converter is not used, set output disabled with the D-A output enable bit of D-A control 
register and set the D-A register to "0016". 

(5) When D-A conversion is used, select the input peripheral function disabled with port P93 and P94 input 
peripheral function select bit of the function select register B3. 
When the input peripheral function disabled is selected, the port cannot be input even if the port 
direction register is set to input (the input result becomes undefined). 
Also, it is not possible to input a peripheral function. 


Precautions for using CLKOUT pin 
When using the Clock Output function of P53/CLKOUT pin (f8, f32 or fc output) in single chip mode, use 
port P57 as an input only port (port P57 direction register is "0"). 
Although port P57 may be set as an output port, it will become high impedance and will not output "H" or 
"L" levels. 
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Electrical characteristics 


Table 1.28.1. Absolute maximum ratings 
Parameter Condition Rated value 
Supply voltage Vcc=AVcc -0.3 to 6.5 


Analog supply voltage Vcc=AVcc -0.3 to 6.5 


Input RESET, (maskROM : CNVss, BYTE), 
voltage POo to P07, P10 to P17, P20 to P27, 
P30 to P37, P40 to P47, P50 to P57, 
P60 to P67, P72 to P77, P80 to P87, 
P90 to P97, P100 to P107, 

VREF, XIN 


P70, P71 -0.3 to 6.5 
Output P00 to P07, P10 to P17, P20 to P27, 


voltage P80 to P37,P40 to P47, P50 to P57, 
P60 to P67,P72 to P77, P80 to P84, 
P86, P87, P90 to P97, P100 to P107, 
XOUT 

P70, P71, -0.3 to 6.5 


Power dissipation Topr=25 C 500 
Operating ambient temperature -20 to 85 / -40 to 85(Note) 
Storage temperature -65 to 150 


Note 1: Specify a product of -40 to 85°C to use it. 


-0.3 to Vec+0.3 


-0.3 to Vec+0.3 
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Table 1.28.2. Recommended operating conditions (referenced to VCc = 2.7V to 5.5V at Topr = — 20 


to 85°C / — 40 to 85°C(Note3) unless otherwise specified) 


Parameter 


Supply voltage 


Standard 


Min 


Typ. 


Analog supply voltage 


Supply voltage 


Analog supply voltage 


HIGH input 
voltage 


P40 to P47, P50 to P57, P60 to P67, 
P72 to P77, P80 to P87, P90 to P97, P100 to P107, 
Xin, RESET, CNVss, BYTE 


P70, P71 


6.5 


POo to P07, P10 to P17, P20 to P27, P30 to P37 
(during single-chip mode) 


Vcc 


PQo to P07, Pio to P17, P20 to P27, P30 to P37 
(data input function during memory expansion and microprocessor modes) 


Vcc 


LOW input 
voltage 


P40 to P47, P50 to P57, P60 to P67, 
P70 to P77, P80 to P87, P90 to P97, P100 to P107, 
Xin, RESET, CNVss, BYTE 


0.2Vcc 


PQo to P07, P10 to P17, P20 to P27, P30 to P37 
(during single-chip mode) 


0.2Vcc 


POo to P07, P10 to P17, P20 to P27, P30 to P37 
(data input function during memory expansion and microprocessor modes) 


0.16Vcc 


10H (peak) 


HIGH peak output P0Oo to P07, P1oto P1 Ty P20 to P27,P30 to P37, 


current 


P40 to P47, P50 to P57, P60 to P67,P72 to P77, 
P80 to P84,P86,P87,P90 to P97,P100 to P107 


-10.0 


lou (avg) 


HIGH average output P00 to P07, P10 to P17, P20 to P27,P30 to P37, 


current 


P40 to P47, P50 to P57, P60 to P67,P72 to P77, 
P80 to P84,P86,P87,P90 to P97,P100 to P107 


lOL (peak) 


LOW peak output POo to P07, P1o to P17, P20 to P27,P30 to P37, 


current 


P40 to P47, P50 to P57, P60 to P67,P70 to P77, 
P80 to P84,P86,P87,P90 to P97,P100 to P107 


lot (avg) 


LOW average POo to P07, P10 to P17, P20 to P27,P30 to P37, 
output current P40 to P47, P50 to P57, P60 to P67,P70 to P77, 


P80 to P84,P86,P87,P90 to P97,P100 to P107 


f (XIN) 


Main clock input oscillation frequency | No wait | Vcc=4.2V to 5.5V 


Vec=2.7V to 5.5V 


f (XcIN) 


Subclock oscillation frequency 


Note 1: The mean output current is the mean value within 100ms. 

Note 2: The total IOL (peak) for ports PO, P1, P2, P86, P87, P9, and P10 must be 80mA max. The total IOH (peak) for 
ports PO, P1, P2, P86, P87, P9, and P10 must be 80mA max. The total IOL (peak) for ports P3, P4, P5, P6, P7, 
and P80 to P84 must be 80mA max. The total |OH (peak) for ports P3, P4, P5, P6, P72 to P77, and P80 to P84 
must be 80mA max. 

Note 3: Specify a product of -40 to 85°C to use it. 


Note 4: The specification of VIH and VIL of P87 is not when using as XCIN but when using programmable input port. 
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Mitsubishi microcomputers 


M16C/80 (100-pin version) group 


Electrical characteristics (Vcc = 5V) SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


Vcc = 5V 


Table 1.28.3. Electrical characteristics (referenced to Vcc=5V, Vss=0V at Topr=25°C, f(XIN)=20MHZ 


unless otherwise specified) 


Parameter 


HIGH output POo—P07, P10o—P17, P20-P27, P30—P37, 
voltage P40—P47, P50—P57, P60-P67, P72-P77, 
P80—P84, P86, P87, P90-P97 ,P100-P107 


Measuring condition 


Standard 


Min. 


Typ. 


Max. 


HIGH output POo—P07, P10—P17, P20-P27, P3o-P37, 
voltage P40—P47, P50o—P57, P60—-P67, P72-P77, 
P80—P84, P86, P87, P90-P97, P100—P107 


IOH= - 200LA 


HIGH output HIGHPOWER 


loH= - IMA 


XOUT 
voltage LOWPOWER 


lOH= - 0.5mMA 


HIGH output Xcout HIGHPOWER 


With no load applied 


voltage LOWPOWER 


With no load applied 


LOW output POQo-P07, P10-P17, P2o—-P27, P30—P37, 
voltage P40-P47, P5o-P57, P60—-P67, P70—P77, 
P80-P84, P86, P87, P90-P97, P100-P107 


loL=5mA 


LOW output POo-P07, P1o-P17, P20-P27, P30—-P37, 
voltage P40-P47, P50-P57, P60—-P67, P70—P77, 
P80-P84, P86, P87, P90-P97, P100-P107 


loL=200nA 


LOW output Xout HIGHPOWER 


loL=1mA 


voltage LOWPOWER 


loL=0.5mA 


LOW output Xcout HIGHPOWER 


With no load applied 


voltage LOWPOWER 


With no load applied 


Hysteresis HOLD, RDY, TAOiIN-TA4in, TBOIN-TBSIN, 
INTo-INTs5, ADTRG, CTSo-CTS4, CLKo— 
CLK4,TAQout-TA4out, NMI, Klo-Kls, 
RxDO-RxD4, SCL2-SCL4, SDA2—SDA4 


Hysteresis RESET 


HIGH input POo-P07, Pio-P17, P20-P27, P30—P37, 
current P40-P47, P5o-P57, P60—-P67, P70—P77, 
P80-P87, P90-P97, P100—-P107, 
XIN, RESET, CNVss, BYTE 


lit 


LOW input POQo-P07, P1o-P17, P20o-P27, P30—P3z, 
current P40-P47, P5o-P57, P60—-P67, P70—P77, 
P80-P87, P90-P97, P100—-P107, 
XIN, RESET, CNVss, BYTE 


RPuLtup 


Pull-up POo-P07, P10—-P17, P20-P27, P30—P37, 
resistance P40—P47, P5o-P57, P6o—-P67, P72—P77, 
P80-P84, P86, P87, P90-P97, P100—-P107 


Rixin 


Feedback resistance Xin 


Rixcin 


Feedback resistance XCIN 


V RAM 


RAM retention voltage 


When clock is stopped 


210 


Measuring condition: Dea ee 


In single-chip no division 
mode, the output 


Mask ROM 128 KB version 


Mask ROM 256 KB version 


Flash memory version 


Power supply | pins are open and 
current other pins are VSS f(XCIN)=32kHz 


Square wave 


Mask ROM 128 KB version 


Mask ROM 256 KB version 


Flash memory version 


f(XCIN)=32kHz 


When a WAIT instruction is executed 


Topr=25°C, 
when clock is 
stopped 


Mask ROM 128 KB version 


Mask ROM 256 KB version 


Flash memory version 


Topr=85°C, when clock is stopped 
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Electrical characteristics (Vcc = 5V) 


Mitsubishi microcomputers 


M16C/80 (100-pin version) group 
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


Vcc = 5V 


Table 1.28.4. A-D conversion characteristics (referenced to Vcc = AVCc = VREF = 5V, Vss = AVSS = 
OV at Topr = 25°C, f(XIN) = 20MHZ unless otherwise specified) 


Parameter 


Resolution 


Measuring condition 


VreF = Vcc 


Standard 


Min. 


Typ. 


Absolute 
accuracy 


Sample & hold function not 
available 


Vrer = Vcc = 5V 


Sample & hold function 
available (1 Obit) 


VRer = ANo to AN7 input 


Vcc = 5V| ANEXO, ANEX1 input, 
External op-amp 


connection mode 


Sample & hold function 
available (8bit) 


Vrer = Vcc = 5V 


RLADDER 


Ladder resistance 


VrerF = Vcc 


{conv 


Conversion time(1 Obit) 


tconv 


Conversion time(8bit) 


tSAMP 


Sampling time 


VREF 


Reference voltage 


ViA 


Analog input voltage 


Note: Divide the frequency if f(XIN) exceeds 10 MHz, and make MAD equal to or lower than 10 MHz. 


Table 1.28.5. D-A conversion characteristics (referenced to Vcc = 5V, Vss = AVSs = OV, VREF = 5V 


at Topr = 25°C, f(XIN) = 20MHZ unless otherwise specified) 


Parameter 


Resolution 


Measuring condition 


Standard 


Min. 


Absolute accuracy 


Setup time 


Output resistance 


Reference power supply input current 


Note: This applies when using one D-A converter, with the D-A register for the unused D-A converter set to 
“0016”. 
The A-D converter's ladder resistance is not included. 
Also, when the contents of D-A register 1 is except "0016" and the Vref is unconnected at the A-D 
control register 1, IVREF is sent. 
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Mitsubishi microcomputers 


M16C/80 (100-pin version) group 
Timing (Vcc = 5V) SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


Vcc = 5V 
Timing requirements (referenced to Vcc = 5V, Vss = OV at Topr = 25°C unless otherwise specified) 
Table 1.28.6. External clock input 


Standard 
Min. Max. 


Parameter 


External clock input cycle time 
External clock input HIGH pulse width 
External clock input LOW pulse width 
External clock rise time 

External clock fall time 


Table 1.28.7. Memory expansion and microprocessor modes 
Standard 


Parameter Min. | Max. 


taci(RD-DB) Data input access time (RD standard, no wait) 

tac1(AD-DB) Data input access time (AD standard, CS standard, no wait) 
tac2(RD-DB Data input access time (RD standard, with wait) 
( 
( 
( 


tac2(AD-DB Data input access time (AD standard, CS standard, with wait) 
tac3(RD-DB Data input access time (RD standard, when accessing multiplex bus area) 


tac3(AD-DB Data input access time (AD standard, CS standard, when accessing 
multiplex bus area) 


tac4(RAS-DB) Data input access time (RAS standard, DRAM access) 


) 
) 
) 
) 


tac4(CAS-DB) Data input access time (CAS standard, DRAM access) 
tac4(CAD-DB) Data input access time (CAD standard, DRAM access) 
tsu(DB-BCLK) Data input setup time 

tsu(RDY-BCLK )_| RDY input setup time 

tsu(HOLD-BCLK ) | HOLD input setup time 

th(RD-DB) Data input hold time 


th(CAS -DB) Data input hold time 

h(BCLK -RDY) RDY input hold time 

h(BCLK-HOLD ) | HOLD input hold time 
( 


td(BCLK-HLDA ) | HLDA output delay time 


Note: Calculated according to the BCLK frequency as follows: 
Note that inserting wait or using lower operation frequency f(BCLK) is needed when 
calculated value is negative. 


10° 
tact(RD — DB) = Fen X2 ~ 35 [ns] 
10° 
taci(AD — DB) = Feo) 35 [ns] 
9 
tac2(RD — DB) = TSN -—35 [ns] (m=3, 5 and 7 when 1 wait, 2 wait and 3 wait, respectively) 
9 
tac2(AD — DB) = OO os 35 [ns] (n=2, 3 and 4 when 1 wait, 2 wait and 3 wait, respectively) 
f(BCLK) 
10°Xm . 
tac3(RD — DB) = FEC XE ~ 35 [ns] (m=3 and 5 when 2 wait and 3 wait, respectively) 
10°Xn 
tac3(AD — DB) = FEC XD 35 [ns] (n=5 and 7 when 2 wait and 3 wait, respectively) 
10°X m 
tac4(RAS — DB) = Feouy X2 35 [ns] (m=3 and 5 when 1 wait and 2 wait, respectively) 
10°Xn 
tac4(CAS — DB) = Tec X2 35 [ns] (n=1 and 3 when 1 wait and 2 wait, respectively) 
10°X | ; ; 
tac4(CAD — DB) = —FECK) 35 [ns] (l=1 and 2 when 1 wait and 2 wait, respectively) 
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Mitsubishi microcomputers 


M16C/80 (100-pin version) group 
Timing (Vcc = 5V) SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


Vcc = 5V 


Timing requirements (referenced to Vcc = 5V, Vss = OV at Topr = 25°C unless otherwise specified) 


Table 1.28.8. Timer A input (counter input in event counter mode) 


p Standard 
arameter Min. 


Max. 
TAIIN input cycle time 

TAIIN input HIGH pulse width 
TAIIN input LOW pulse width 


Table 1.28.9. Timer A input (gating input in timer mode) 


Standard 
Parameter Min. | Max. 


TAIIN input cycle time 
TAIIN input HIGH pulse width 
TAIIN input LOW pulse width 


Table 1.28.10. Timer A input (external trigger input in one-shot timer mode) 


p t Standard 
aamiatel Min. Max. 


TAIIN input cycle time 


TAIIN input HIGH pulse width 
TAIIN input LOW pulse width 


Table 1.28.11. Timer A input (external trigger input in pulse width modulation mode) 


Symbol Parameter Tao 


tw(TAH) TAIIN input HIGH pulse width 100 
tw(TAL) TAIIN input LOW pulse width 100 


Table 1.28.12. Timer A input (up/down input in event counter mode) 


p t Standard 
araimeler Min. | Max. 


tc(UP) TAiOUT input cycle time 
tw(UPH) TAiOUT input HIGH pulse width 
tw(UPL) TAiouT input LOW pulse width 
tsu(UP-TIN) | TAiouUT input setup time 
th(TIN-UP) TAiOUT input hold time 
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Mitsubishi microcomputers 


M16C/80 (100-pin version) group 
Timing (Vcc = 5V) SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


Vcc = 5V 
Timing requirements (referenced to Vcc = 5V, Vss = OV at Topr = 25°C unless otherwise specified) 
Table 1.28.13. Timer B input (counter input in event counter mode) 


Standard 
Max. 


Parameter 


tc(TB) TBIIN input cycle time (counted on one edge) 

tw(TBH) TBiIN input HIGH pulse width (counted on one edge) 
tw(TBL) TBIIN input LOW pulse width (counted on one edge) 
tc(TB) TBIIN input cycle time (counted on both edges) 

tw(TBh) TBiIN input HIGH pulse width (counted on both edges) 
tw(TBL) TBiIN input LOW pulse width (counted on both edges) 


Table 1.28.14. Timer B input (pulse period measurement mode) 


Standard 
Min. Max. 


Parameter 


TBIIN input cycle time 
TBiIN input HIGH pulse width 
TBiIN input LOW pulse width 


Table 1.28.15. Timer B input (pulse width measurement mode) 


Standard 
Max. 


Parameter 


tc(TB) TBiIN input cycle time 
tw(TBH) TBiIN input HIGH pulse width 
tw(TBL) TBiIN input LOW pulse width 


Table 1.28.16. A-D trigger input 
Standard 
Min. Max. 
tc(AD) ADTRG input cycle time (trigger able minimum) 1000 
tw(ADL) ADTRG input LOW pulse width 125 


Symbol Parameter 


Table 1.28.17. Serial I/O 


Parameter siandard 
Max. 
tc(Ck) CLKi input cycle time 
tw(CKH) CLKi input HIGH pulse width 
tw(CKL) CLKi input LOW pulse width 
td(C-Q) TxDi output delay time 
th(C-Q) TxDi hold time 

tsu(D-C) RxDi input setup time 

th(C-D) RxDi input hold time 


Table 1.28.18. External interrupt INTi inputs 


Symbol Parameter Standard 
Min. Max. 


tw(INH) INTi input HIGH pulse width 250 


tw(INL) INTi input LOW pulse width 250 
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Timing (Vcc 


= 5V) 


Mitsubishi microcomputers 


M16C/80 (100-pin version) group 
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


otherwise specified) 


Table 1.28.19. Memory expansion mode and microprocessor mode (no wait) 


BCLK-AD) 


Parameter 


Address output delay time 


BCLK-AD) 


Address output hold time (BCLK standard) 


RD-AD) 


Address output hold time (RD standard) 


WR-AD) 


Address output hold time (WR standard) 


BCLK-CS) 


Chip select output delay time 


BCLK-CS) 


Chip select output hold time (BCLK standard) 


RD-CS) 


Chip select output hold time (RD standard) 


WR-CS) 


Chip select output hold time (WR standard) 


BCLK-ALE) 


ALE signal output delay time 


BCLK-ALE) 


ALE signal output hold time 


BCLK-RD) 


RD signal output delay time 


BCLK-RD) 


RD signal output hold time 


BCLK-WR) 


WR signal output delay time 


BCLK-WR) 


WR signal output hold time 


DB-WR) 


Data output delay time (WR standard) 


WR-DB) 


Data output hold time (WR standard) 


tw(WR) 


WR signal width 


Measuring condition 


Figure 1.28.1 


Note: Calculated according to the BCLK frequency as follows: 


i 
td(DB- WR) = ae — 20 Ins] 
9 
thwR- DB) = = - 10 Ins] 
9 
SNS on XB te ifs) 
9 
EEE ES)= eo XB oO sii 
9 
WES aX =e ee 


Standard 


Max. 


Vcc = 5V 


Switching characteristics (referenced to Vcc = 5V, Vss = OV at Topr = 25°C, CM15 = “1” unless 
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Timing (Vcc = 5V) 


Mitsubishi microcomputers 


M16C/80 (100-pin version) group 
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


Voc = 5V 


Switching characteristics (referenced to Vcc = 5V, Vss = OV at Topr = 25°C unless otherwise 


specified) 


Table 1.28.20. Memory expansion mode and microprocessor mode 


td(BCLK-AD) 


(with wait, accessing external memory) 


Parameter 


Address output delay time 


th(BCLK-AD) 


Address output hold time (BCLK standard) 


th(RD-AD) 


Address output hold time (RD standard) 


th(WR-AD) 


Address output hold time (WR standard) 


td(BCLK-CS) 


Chip select output delay time 


th(BCLK-CS) 


Chip select output hold time (BCLK standard) 


th(RD-CS) 


Chip select output hold time (RD standard) 


Chip select output hold time (WR standard) 


td(BCLK-ALE) 


ALE signal output delay time 


th(BCLK-ALE) 


ALE signal output hold time 


td(BCLK-RD) 


RD signal output delay time 


th(BCLK-RD) 


RD signal output hold time 


td(BCLK-wR) 


WR signal output delay time 


th(BCLK-wR) 


WR signal output hold time 


( 
( 
( 
( 
( 
( 
( 
th(WR-CS) 
( 
( 
( 
( 
( 
( 
( 


td(DB-wR) 


Data output delay time (WR standard) 


th(WR-DB) 


Data output hold time (WR standard) 


tw(WR) 


WR signal width 


Measuring condition 


Figure 1.28.1 


Note: Calculated according to the BCLK frequency as follows: 


cS) 
td(DB— WR) = 10" Xn = 
f(BCLK) 

th(WR-— DB) = 10° -— 10 

~ — {(BCLK) X 2 [ns] 

10° 

th(WR- AD) = FECL X2 10 Ins] 

7 107-5. 
INWE=CS)="—Fecug Ka |” ing} 

10°Xn 

tw( WR) = ———*~—_- — 
a f(BCLk) X 2 iS 


216 
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Standard 


Max. 


[ns] (n=1, 2 and 3 when 1 wait, 2 wait and 3 wait, respectively) 


[ns] (n=1, 3 and 5 when 1 wait, 2 wait and 3 wait, respectively) 


Timing (Vcc 


= 5V) 


Mitsubishi microcomputers 


M16C/80 (100-pin version) group 
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


Vcc = 5V 


Switching characteristics (referenced to Vcc = 5V, Vss = OV at Topr = 25°C unless otherwise 


specified) 


Table 1.28.21. Memory expansion mode and microprocessor mode 
(with wait, accessing external memory, multiplex bus area selected) 


td(BCLK-AD) 


Address output delay time 


th(BCLK-AD) 


Address output hold time (BCLK standard) 


th(RD-AD) 


Address output hold time (RD standard) 


th(WR-AD) 


Address output hold time (WR standard) 


td(BCLK-CS) 


Chip select output delay time 


th(BCLK-CS) 


Chip select output hold time (BCLK standard) 


th(RD-CS) 


Chip select output hold time (RD standard) 


th(WR-CS) 


Chip select output hold time (WR standard) 


td(BCLK-RD) 


RD signal output delay time 


th(BCLK-RD) 


RD signal output hold time 


td(BCLK-WR) 


WR signal output delay time 


th(BCLK-WR) 


WR signal output hold time 


Data output delay time (WR standard) 


( 
td(DB-wR) 
th(WR-DB) 


Data output hold time (WR standard) 


td(BCLK-ALE) 


ALE signal output delay time (BCLK standard) 


ALE signal output hold time (BCLK standard) 


( 
th(BCLK-ALE) 
td(AD-ALE) 


ALE signal output delay time (address standard) 


th(ALE-AD) 


ALE signal output hold time (address standard) 


tdz(RD-AD) 


Address output flowting start time 


th(BCLK-DB) 


Data output hold time (BCLK standard) 


Note: Calculated according to the BCLK frequency as follows: 


th 


Parameter Measuring condition 


Figure 1.28.1 


Standard 
i Max. 


RD — AD 10° -— 10 
AP) = Folk) X2 [ns] 
10? 
WRAPS: “Fea nel 
10° 
RD-CS)=  —Fecig x2 |? Insj 
a 
WESC) “Fes hal 
DB- WR) = AM "x a 25 
oe f{(BCLK X2 [ns] (m=3 and 5 when 2 wait and 3 wait, respectively) 
WR -— DB) = 10% 10 
7 f{(BCLK)X2 [ns] 
10° 
AD — ALE) = “F(BcLK) X2 — 20 [ns] 
ALE — AD) = bee Ne : 10 
~ — f(BCLK)X2 [ns] 
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Mitsubishi microcomputers 


M16C/80 (100-pin version) group 
Timing (Vcc = 5V) SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


Vcc = 5V 


Switching characteristics (referenced to Vcc = 5V, Vss = OV at Topr = 25°C unless otherwise 
specified) 


Table 1.28.22. Memory expansion mode and microprocessor mode 
(with wait, accessing external memory, DRAM area selected) 


: - Standard 
Parameter Measuring condition - Max. 
Row address output delay time 
Row address output hold time (BCLK standard) 
String address output delay time 
String address output hold time (BCLK standard) 
Row address output hold time after RAS output 
RAS output delay time (BCLK standard) 
RAS output hold time (BCLK standard) 
RAS "H" hold time 

( CAS output delay time (BCLK standard) 
th( CAS output hold time (BCLK standard) 
able Dw) | Data output delay time (BCLK standard) 
th(BCLK-DW) | Data output hold time (BCLK standard) 
tsu(DB-CAS) | CAS after DB output setup time 
th(BCLK-DB) | DB signal output hold time (BCLK standard) 
tsu(CAS-RAS) | CAS before RAS setup time (refresh) 


Figure 1.28.1 


Note: Calculated according to the BCLK frequency as follows: 


th(RAS — RAD) = beast. 52.95 
(RAS RAD) = FBoLK X 2 [ns] 
10° XS 
THe f(BCLK)X2. af [ns] 
102 
tsu(DB — CAS) = ee 20 
f(BCLK) [ns] 
tsu(CAS —RAS) oe O° 13 
s = = = 
- f(BCLK) X 2 [ns] 
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Mitsubishi microcomputers 


M16C/80 (100-pin version) group 
Timing (Vcc = 5V) SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


Figure 1.28.1. Port PO to P10 measurement circuit 


MITSUBISHI 
ate MITSUBIS 219 


Mitsubishi microcomputers 


M16C/80 (100-pin version) group 


Timing (Vcc = 5V) SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


Memory expansion Mode and Microprocessor Mode (without wait) 


Read Timing 


td(BCLK-ALE) ' th(BCLK-ALE) | 
18ns. Lt -2ns.min | 
en *_ -2ns.min 


yt tal BCLK- 8) ‘4 th(BCLK-CS) 
<! t8ns. max. 1 gt -3ns.min + 


a teyc | > 1q_ th(RD- C8) 
i, t Z a Ons.min: 


td(BCLK-AD) ‘thyeguk: -AD) 
‘<> 18ns.max -3ns.min | 


| td(BCLK-RD) , ts 4 th(RD-AD) 
| 18ns.max'+>* . * Ons.min | 


tact (RD-DB)’ ‘gp: "1 th(BCLK-RD) 
(+a >| 1 > -Sns.min | 
tac1(AD-DB) “ ! co 


tsu(DB- BCLK) <> <>! th(RD- DB) 
26ns.min 1 Ons. min' 
*1:It is a guarantee value with being alone. 35ns.max garantees as td(BCLK-AD)+tsu(DB-BCLKk). 
*2:It depends on operation frequency. 
tac1(RD-DB)=(tcyc/2-35)ns.max 
tact (AD-DB)=(tcyc-35)ns.max 


Write miming ( Wren ey 2 st ie in eclecting no ven) 


, 18ns.max 
talBCLK- -ALE) a meet -ALE) 
1 -2ns.min 


: td(BCLK-CS) : _ th(BCLK-CS) 
: 18ns.max; ; ! > -3ns.min | 


toye: it names 


‘td(BCLK-AD) 1 ep th(BCLK-AD) 
' 18ns.max; ' tt ' nt -3ns.min_| 


1 ot *31 
tdBCLK-WR) + ty a | 


18ns. Max >i ——+ > 
' th(BCLK-WR) 
> _- -3ns.min t 
th(WR- pe) ° 7 


*3:It depends on operation frequency. Measuring conditions 
td(DB-WR)=(tcyc-20)ns.min Vec=5V+1 0% 
* Vec=5V+10% 


th(WR-AD) 


)=( 
th(WR-DB)=(tcyc/2-10)ns.min 
=( 


tcyc/2-10)ns.min * Input timing voltage :Determined with VIH=2.5V, VIL=0.8V 


th(wR-CS)=(tcyc/2-10)ns.min * Output timing voltage :Determined with VOH=2.0V, VoL=0.8V 


tw(WR)=(tcyc/2-15)ns.min 


Figure 1.28.2. Vcc=5V timing diagram (1) 
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Mitsubishi microcomputers 


M16C/80 (100-pin version) group 
Timing (Vcc = 5V) SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


Memory expansion Mode and Microprocessor Mode (with 1 wait) 
Read Timing | . 
as 2 18ns.max ae 2 a a oe 


'td(BCLK-ALE) ! th(BCLK-ALE): 
mae > + -2ns.min i 


, td(BCLK-CS) |, th(BCLK-CS) 
' 18ns.max*1 : 1 -3ns.min 


ae >< th(RD-Cs) 
<— : Ons.min 
td(BCLK-AD) | 
<>" 18ns.max*1 


|} td(BCLK-RD) ‘S! Le th(RD-AD) 
; 18ns. maxi¢ >: 1" Ons.min_ 


:! i \ / : 


i“ GSH RD) 


tac2(RD-DB)"2 | 
tac2(AD-DB)*2 


26ns.min*1' i a ened min 
*1:It is a guarantee value with being alone. 35ns.max garantees as td(BCLK-AD)+tsu(DB-BCLk). 
*2:lt depends on operation frequency. 
tac2(RD-DB)=(tcyc/2 x m-35)ns.max (m=3, 5 and 7 when 1 wait, 2 wait and 3 wait, respectively.) 
tac2(AD-DB)=(tcyc x n-35)ns.max (n=2, 3 and 4 when 1 wait, 2 wait and 3 wait, respectively.) 


 td(BCLK-ALE)! ; 
er, “pi i_ th(BCLK- ALE) 


y \ -2ns.min 
bg! » td(BCLK- C8) ' th(BCLK-CS) 
aie : 18ns. max: ‘ : } -3ns.min : 


‘ td(BCLK-AD) it | th(BCLK-AD) 
es 18ns.max' : ie >, -3ns.min | 


td(BCLK-WR) + tw(wey:3__, thWR-AD)*3 ! 
18ns.max ey 

: => -3ns.min : ' 
ta(DB-WR)*3 


*3:It depends on operation frequency. Measuring conditions 
td(DB-wR)=(tcyc x n-20)ns.min ¢ Vec=5V+10% 
(n=1, 2 and 3 when 1 wait, 2 wait and 3 wait, respectively.) + Input timing voltage 
th(WR-DB)=(tcyc/2-10)ns.min :Determined with ViIH=2.5V, VIL=0.8V 
th(WR-AD)=(tcyc/2-10)ns.min * Output timing voltage 
th(WR-CS)=(tcyc/2-10)ns.min :Determined with VOH=2.0V, VOL=0.8V 
tw(wR)=(tcyc/2 x n-15)ns.min 
(n=1, 3 and 5 when 1 wait, 2 wait and 3 wait, respectively.) 


Figure 1.28.3. Vcc=5V timing diagram (2) 
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Mitsubishi microcomputers 


M16C/80 (100-pin version) group 
Timing (Vcc = 5V) SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


Memory expansion Mode and Microprocessor Mode (with 2 wait) 
Read Timing 


BCLK } 18ns.max 


td(BCLK-ALE) ' th(BCLK-ALE) | 
anal > i -2ns.min 


, td(BCLK-CS) ; ' _, th(BCLK-CS) 
' 18ns.max*t ' ' ' ; ee -3ns.min 


a v@- th(RD- cs) 
i Ons.min 
td(BCLK-AD) 'th(BCLK-AD) 

i¢>' 18ns.max*t ‘<> -3ns.min | 


| tBCLK: RD) ‘» i th(RD- -AD) 
‘ 18ns.maxi>* : 1" Ons.min} 
: ™" th(BCLK-RD) 

tac2(RD-DB)*2 ‘Snemin. | 


tac2(AD-DB)*2 


26ns.min*1 * = ' Ons. min! 


*{:It is a guarantee value with being alone. 35ns.max garantees as td(BCLK-AD)+tsu(DB-BCLK). 

*2:It depends on operation frequency. 
tac2(RD-DB)=(tcyc/2 x m-35)ns.max (m=3, 5 and 7 when 1 wait, 2 wait and 3 wait, respectively.) 
tac2(AD-DB)=(tcyc x n-35)ns.max (n=2, 3 and 4 when 1 wait, 2 wait and 3 wait, respectively.) 


Timing 


TF vensmex \ | fo \ 


i td( BCLK-ALE)! 
A; + 4 th(BCLK- ALE) 


-2ns.min 
.td(BCLK-C8) | th(BCLK-CS) 
es 18ns.max: ame -3ns.min! 
teyc! 


<> 
td(BCLK-AD) La | 'th(BCLK-AD) 
hag 18ns.max! wa <*: -3ns.min_! 


e 


td(BCLK-WR) . 
18ns.max >< 


i ‘ ' <—_—__> 

— a || th(BCLK-WR) 
' > -3ns.mini | 
pg th(WR-DB)*3 | 


1 1 
1 1 
' 
om Seae eee Livsece cscs ss bees sesenaseciewe cae 
1 1 
1 1 


*3:lt depends on operation frequency. Measuring conditions 1 
td(DB-WR)=(tcyc x n-20)ns.min * Vec=5V+10% 
(n=1, 2 and 3 when 1 wait, 2 wait and 3 wait, respectively.) * Input timing voltage 
th(WR-DB)=(tcyc/2-10)ns.min ‘Determined with ViH=2.5V, VIL=0.8V 
th(wR-AD)=(tcyc/2-10)ns.min * Output timing voltage 
th(wR-Cs)=(tcyc/2-10)ns.min ‘Determined with VoH=2.0V, VoL=0.8V 
tw(wrR)=(tcyc/2 x n-15)ns.min 
(n=1, 3 and 5 when 1 wait, 2 wait and 3 wait, respectively.) 


Figure 1.28.4. Vcc=5V timing diagram (3) 
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Mitsubishi microcomputers 


M16C/80 (100-pin version) group 
Timing (Vcc = 5V) SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


Memory expansion Mode and Microprocessor Mode (with 3 wait) 
Read Timing 


'18ns.max 


twBoLK. -ALE) wt weak 


9 tBCLK- os '  th(BCLK-CS) 
| 18ns:max ! 1 1 ” -3ns.min 


> tcyc i 
a a rn. 


td(BCLK. -AD) 
i 18ns.max 


taBouK. RD) 


> '« th(RD-CS) 
y+ Ons.min 
ith(BCLKAD) | 
(> -3ns.min_! 


» tipo. a) 


| 18ns.max'¢>: 11" Ons.min | 


| th(BCLK-RD) 


laine: a * -Sns.min 


tac{Ad- DB) 2 


tsu(DB- BCLK) — > thiRO- 08 
26ns.min = * : Ons.min: 
*1:It is a guarantee value with being alone. 35ns.max garantees as td(BCLK-AD)+tsu(DB-BCLK). 
*2:It depends on operation frequency. 
tac2(RD-DB)=(tcyc/2 x m-35)ns.max (m=3, 5 and 7 when 1 wait, 2 wait and 3 wait, respectively.) 
tac2(AD-DB)=(tcyc x n-35)ns.max (n=2, 3 and 4 when 1 wait, 2 wait and 3 wait, respectively.) 


Write Timing 


:td(BCLK-CS) : : — th(BCLK- 9) 
' 18ns.max: H ' : ' > -3ns.min! 


teyc! 


‘td(BCLK-AD) ii ‘__:th(BCLK-AD) 
1 18ns.maxi : ; ; ' =  3ns.min | 


ta(BCLK- SW twa)’ 
18ns.max + rr eS 


' th(BCLK: WR) 

+ @ -8ns.min | 
1 th(WR-DB) ° 
>it — 


*3:It depends on operation frequency. 
ta(DB-WR)=(teye x n-20)ns.min Measuring conditions 
(n=1, 2 and 3 when 1 wait, 2 wait and 3 wait, respectively.) * Vec=SV£10% 
th(WR-DB)=(tcyc/2-10)ns.min * Input timing voltage 
th(WR-AD)=(teye/2-10)ns.min :Determined with VIH=2.5V, VIL=0.8V 


th(WR-C$)=(tcye/2-10)ns.min * Output timing voltage 
tw(WR)=(teye/2 x n-15)ns.min ‘Determined with VOH=2.0V, VOL=0.8V 


(n=1, 3 and 5 when 1 wait, 2 wait and 3 wait, respectively.) 


Figure 1.28.5. Vcc=5V timing diagram (4) 
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Mitsubishi microcomputers 


M16C/80 (100-pin version) group 
Timing (Vcc = 5V) SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


Memory expansion Mode and Microprocessor Mode 
(When accessing external memory area with 2 wait, and select multiplexed bus)) 


Read Timing . 


'18ns.max 


eee -ALE) _,' _th(BCLk- -ALE) 
"© -2ns.min 


.th(BCLK-CS) 
' _yi-3ns.min | 


guard (Data input. seneeeeaeee{ Address 
tdz(RD-AD) 


ae | bi 8ns.max <—>. = th(RD-DB) 
: reste -AD) : tsu(DB- -BCLK): + + Ons.min 


* 26ns.min! | th(BCLK-AD) 


ame 18ns.max! tac3(RD-DB) nae > -3ns.min | 


1 i i i Ci 1 > H 4 1 Ls ' 
1 7 1. <$———_ > ; 
tac3(AD-DB) : td(BCLK- RD) ! th(BCLK- RD): : th(RD-AD) : 
: <> 18ns.max! ! 5ns.min 


*41:It aesenes on operation frequency. 
td(AD-ALE)=(tcyc/2-20)ns.min 
th(ALE-AD)=(tcyc/2-10)ns.min, th(RD-AD)=(tcyc/2-10)ns.min, th(RD-CS)=(tcyc/2-10)ns.min 
tac3(RD-DB)=(tcyc/2 x m-35)ns.max (m=3 and 5 when 2 wait and 3 wait, respectively.) 
tac3(AD-DB)=(tcyc/2 x n-35)ns.max (n=5 and 7 when 2 wait and 3 wait, respectively.) 


Write Timing 


1 18ns.max ' : ; 

td(BCLK-ALE) |} , th(BCLK-ALE) : 
— >i -2ns.min | 

| . ‘th(BCLK-CS) 

! . cey2 ™ -3ns.min | 


‘¢—>' td(BCLK- cs) 
: 18ns.max: | 
.td(AD-ALE) * "2 th(ALE-AD) 2 'th(BOLK. DB) 
r¢ — ' ' ' -Sns.min : 


‘td(BCLK-AD) 
; 18ns.max! 


neue -AD) 
-3ns.min ! 


| | td(BCLK-WR) | 'th(BCLK-WR) ! 
alia 18ns.max -3ns.min > 


*2:It depends on operation frequency. Measuring conditions 
td(AD-ALE)=(tcyc/2-20)ns.min * Vec=5V+10% 


th(ALE-AD)=(tcyc/2-10)ns.min, th(wR-AD)=(tcyc/2-10)ns.min * Input timing voltage 
th(wR-Cs)=(tcyc/2-10)ns.min, th(wR-DB)=(tcyc/2-10)ns.min ‘Determined with ViH=2.5V, ViL=0.8V 
td(DB-wR)=(tcyc/2 x m-25)ns.min * Output timing voltage 

(m=3 and 5 when 2 wait and 3 wait, respectively.) ‘Determined with VoH=2.0V, VoL=0.8V 


Figure 1.28.6. Vcc=5V timing diagram (5) 
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Timing (Vcc = 5V) 


Memory expansion Mode and Microprocessor Mode 
(When accessing external memory area with 3 wait, and select multiplexed bus)) 


td(BCLK-CS) 
> 18ns.max | 


* 


'td(AD-ALE) 


4 


» ple 


‘td(BCLK-AD) 


th(ALE-AD) 


i 


tdz(RD-AD) 


+ 


8ns.max 


1 
1 
1 
1 
qin ew eee eee 4 
1 
1 
1 
1 
1 
1 


Mitsubishi microcomputers 


M16C/80 (100-pin version) group 
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


Address 
<>": th(RD-DB) 
: Ons.min' th(BCLK-AD): 


po 


tN ! tsu(DB-BCLK); 
> 18ns.max ‘tac3(RD-DB) | 1 26ns.min | ¢-: -3ns.min 


| <———_> 
' th(BCLK-RD) th(RD-AD) | 
-5ns.min > i ' 


i¢ 7 — : + > 
' — tac3(AD-DB) ‘ td(BCLK-RD) | 
1 <> 18ns.max: 


*1:It depends on operation frequency. 
td(AD-ALE)=(tcyc/2-20)ns.min 
th(ALE-AD)=(tcyc/2-10)ns.min, th(RD-AD)=(tcyc/2-10)ns.min, th(RD-Cs)=(tcyc/2-10)ns.min 
tac3(RD-DB)=(tcyc/2 x m-35)ns.max (m=3 and 5 when 2 wait and 3 wait, respectively.) 
tac3(AD-DB)=(tcyc/2 x n-35)ns.max (n=5 and 7 when 2 wait and 3 wait, respectively.) 


Write Timing 
BCLK 


td(BCLK-ALE) , th(BCLK-ALE) 
a >) -2ns.min 


i th(BCLK-CS) 
>" -3ns.min 


: th(BCLK-DB) 
1 -Bns.min | 


) Data output 


' 
1 
' 
' 
1 
1 
1 
' 
' 
\ 
' 
mt 


1p! 
th(WR-DB) 2 ' 

: td(BCLK-AD) th(BCLK-AD) 

™ 18ns.max' — -3ns.min | 


1 1 1 1 a" > 


2 


ieaseky © 


th(BCLK-WR) {| th(WR-AD) 
-3ns.min- 


' td(BCLK-WR) : 


*2:lt depends on operation frequency. 
td(AD-ALE)=(tcyc/2-20)ns.min 


th(ALE-AD)=(tcyc/2-10)ns.min, th(WR-AD)=(tcyc/2-10)ns.min 
th(wR-Cs)=(tcyc/2-10)ns.min, th(WwR-DB)=(tcyc/2-10)ns.min 
ta(DB-WR)=(tcyc/2 x m-25)ns.min 

(m=3 and 5 when 2 wait and 3 wait, respectively.) 


Measuring conditions 
* Vec=5V+10% 
* Input timing voltage 
:Determined with VIH=2.5V, ViL=0.8V 
* Output timing voltage 
:Determined with VoH=2.0V, VoL=0.8V 


Figure 1.28.7. Vcc=5V timing diagram (6) 
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Mitsubishi microcomputers 


M16C/80 (100-pin version) group 
Timing (Vcc = 5V) SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


Memory expansion Mode and Microprocessor Mode 
(When accessing DRAM area with 1 wait) 


Read Timing 


talBCLK. CAD)! 
td(BCLK-RAD) th(BCLK- RAD)! ++ 18ns.max"1 th(BCLK-CAD) 


‘¢-'18ns. max -3ns. minis | nid -3ns.min 


sere th(BCLK-RAS) 
td(BCLK- RAS) td(BCLK-CAS) ! ™ -3ns.min 
18ns. max*1: mat 8ns. max : 


> ¢- th(BCLK- CAS) 
: -3ns. min 


' | tacd(CAS-DB)*2 
: ' fal 
tacd(CAD-DB)*2 | 


tsu(DB- BCLK) — i> th(CAS- DB) 
26ns.min*1 Ons.min 


*1:It is a guarantee value with being alone. 35ns.max garantees as follows: 
td(BCLK-RAS) + tsu(DB-BCLk) 


td(BCLK-CAS) + tsu(DB-BCLk) 
td(BCLK-CAD) + tsu(DB-BCLk) 


*2:It depends on operation frequency. 
tac4(RAS-DB)=(tcyc/2 x m-35)ns.max (m=3 and 5 when 1 wait and 2 wait, respectively.) 
tac4(CAS-DB)=(tcyc/2 x n-35)ns.max (n=1 and 3 when 1 wait and 2 wait, respectively.) 
tac4(CAD-DB)=(tcyc x I-35)ns.max (l=1 and 2 when 1 wait and 2 wait, respectively.) 
th(RAS-RAD)=(tcyc/2-13)ns.min 
tRP=(tcyc/2 x 3-20)ns.min 


Measuring conditions 
* Vcc=5V+10% 
* Input timing voltage 
‘Determined with VIH=2.5V, VIL=0.8V 
* Output timing voltage 
:Determined with VOH=2.0V, VOL=0.8V 


Figure 1.28.8. Vcc=5V timing diagram (7) 
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Mitsubishi microcomputers 


M16C/80 (100-pin version) group 
Timing (Vcc = 5V) SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


Memory expansion Mode and Microprocessor Mode 
(When accessing DRAM area with 1 wait) 


Write Timing 


\ icyc 
td(BCLK-RAD) 'epild(BCLK-CAD) — th(BCLK-CAD) 

18ns.max th(BCLK-RAD): a 18ns.max < -3ns fain 
i> |__-8ns.min <> ; aa aa 


' String address 


th(RAS-RAD) | 

ht 

'td(BCLK-RAS) td(BCLK-CAS)} '¢- th(BCLK-RAS) 
Pi 18ns.max i: 48ns.max ead 


7 as ig 
td(BCLK-DW) : . ple CAS) 
* 48ns.max a 1 


+ th(BCLK-DW) 
: °  -5ns.min 


tsu(DB-CAS) | 


| >" th(BCLK-DB) 
! -7ns.min 


*1:It depends on operation frequency. 
th(RAS-RAD)=(tcyc/2-13)ns.min 
tRP=(tcyc/2 x 3-20)ns.min 
tsu(DB-CAS)=(tcyc-20)ns.min 


Measuring conditions 
* Vcc=5V+10% 
« Input timing voltage 
‘Determined with VIH=2.5V, VIL=0.8V 
* Output timing voltage 
‘Determined with VOH=2.0V, VOL=0.8V 


Figure 1.28.9. Vcc=5V timing diagram (8) 
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Mitsubishi microcomputers 


M16C/80 (100-pin version) group 
Timing (Vcc = 5V) SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


Memory expansion Mode and Microprocessor Mode 
(When accessing DRAM area with 2 wait) 


Read Timing 


tcyc 


¢ = 


>! 
td(BCLK-RAD) th(BCLK- RAD) «+: 


‘td(BCLK-CAD) th(BCLK- CAD) 
' 18ns. max “4 


elke max -8ns.mini¢> ! i ia -3ns.min 


rte th(BCLK-RAS) 
-3ns.min 


' td(BCLK- RAS) ‘ td(BCLK-CAS) 
<>: 18ns.max “1 > 18ns.max"1 


>! ¢- th(BCLK- -CAS) 
| -3ns.min 


tac4(CAS-DB)*2 
tac4(CAD-DB)*2! 
tacd(RAS-DB)"2 


tsu(DB- BCLK) <> ‘<->: th(CAS- DB) 
26ns.min*1 ' Ons.min 


*1:It is a guarantee value with being alone. 35ns.max garantees as follows: 
td(BCLK-RAS) + tsu(DB-BCLK) 


td(BCLK-CAS) + tsu(DB-BCLK) 
td(BCLK-CAD) + tsu(DB-BCLK) 


*2:It depends on operation frequency. 
tac4(RAS-DB)=(tcyc/2 x m-35)ns.max (m=3 and 5 when 1 wait and 2 wait, respectively.) 


tac4(CAS-DB)=(tcyc/2 x n-35)ns.max (n=1 and 3 when 1 wait and 2 wait, respectively.) 
tac4(CAD-DB)=(tcyc x |-35)ns.max (l=1 and 2 when 1 wait and 2 wait, respectively.) 
th(RAS-RAD)=(tcyc/2-13)ns.min 

tRP=(tcyc/2 x 3-20)ns.min 


Measuring conditions 
* Vec=5V+10% 
* Input timing voltage 
:Determined with ViIH=2.5V, ViL=0.8V 
* Output timing voltage 
:Determined with VOH=2.0V, VoL=0.8V 


Figure 1.28.10. Vcc=5V timing diagram (9) 
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Mitsubishi microcomputers 


M16C/80 (100-pin version) group 
Timing (Vcc = 5V) SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


Memory expansion Mode and Microprocessor Mode 


(When accessing DRAM area with 2 wait) 
Write Timing 
1 tcyc : 


GIES RAD) pitd(BCLK-CAD) | th(BCLK-CAD) 
18ns.max th(BCLK-RAD) “7: 48ns.max ‘es! -3ns.min 
<< 1 -3NS.Min sep: ag es 


‘ — Rowaddress | String address ! 


th(RAS-RAD)"1 
= ae 


'td(BCLK-RAS) td(BCLK-CAS) > “+ th(BCLI-RAS) 
i18ns.max > 18ns.max ; + -Bns.min 


> + th(BCLK-CAS) 
;  -8ns.min 


td(BCLK-Dw) 
a7 18ns.max 
“> + thiBCLK-DW) 


-5ns.min 


'¢__tsu(DB-CAS)'1_ | 


1 ' ! 1 

1 i) t 1 

fl 7 ! ' 

1 Hl : 1 
: : 1 1 " 1 \ 
Se ee ee ee De eee ir ce seas 
1 r ' ! : It 

' i 1 ' 


'¢—> th(BCLK-DB) 
-7ns.min 


*{:It depends on operation frequency. 
th(RAS-RAD)=(tcyc/2-13)ns.min 
tRP=(tcyc/2 x 3-20)ns.min 
tsu(DB-CAS)=(tcyc-20)ns.min 


Measuring conditions 
* Vcc=5V+10% 
+ Input timing voltage 
:Determined with VIH=2.5V, VIL=0.8V 
* Output timing voltage 
:Determined with VOH=2.0V, VoL=0.8V 


Figure 1.28.11. Vcc=5V timing diagram (10) 
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Mitsubishi microcomputers 


M16C/80 (100-pin version) group 
Timing (Vcc = 5V) SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


Memory expansion Mode and Microprocessor Mode 
Refresh Timing (CAS before RAS refresh) 


td(BCLK-RAS) 
s ¢ 18ns.max 


5 th(BCLK-RAS 
tsu(CAS-RAS)*1 ae eae sis min 
<—__> ; 1 H 1 7 


| td(BCLK-CAS) | : >" te th(BCLK-CAS) 
1 ' ; 1 ' ! 1 -3ns.min 
18ns.max i 


*1:It depends on operation frequency. 
tsu(CAS-RAS)=(tcyc/2-13)ns.min 


Refresh Timing (Self-refresh) 


td(BCLK-RAS) 
18ns.max <-> 


: tsu(CAS-RAS)*1 th(BCLK-RAS) 
<——— -3ns.min 
4 th(BCLK-CAS) 


™; td(BCLK-CAS) -3ns.min 


18ns.max 


*1:It depends on operation frequency. 
tsu(CAS-RAS)=(tcyc/2-13)ns.min 


Measuring conditions 
* Vec=5V+10% 
* Input timing voltage 
:Determined with ViIH=2.5V, ViIL=0.8V 
* Output timing voltage 
:Determined with VOH=2.0V, VOL=0.8V 


Figure 1.28.12. Vcc=5V timing diagram (11) 
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Mitsubishi microcomputers 


M16C/80 (100-pin version) group 
Timing (Vcc = 5V) SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


Vcc =5V 


TAIIN input 


TAIOUT input 


TAIOUT input 
(Up/down input) 


During event counter mode 
TAIIN input 
(When count on falling th(Tin-UP) tsu(UP-Tin) 
edge is selected) 


TAIIN input 
(When count on rising 
edge is selected) 


TBIIN input 


ADTRG input 


TxDi 


RxDi 


INTi input 


Figure 1.28.13. Vcc=5V timing diagram (12) 
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Mitsubishi microcomputers 


M16C/80 (100-pin version) group 
Timing (Vcc = 5V) SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


Memory Expansion Mode and Microprocessor Mode Vcc = 5V 
(Valid only with wait) 


BCLK 


RD 
(Separate bus) 


WR, WRL, WRH 
(Separate bus) 


RD 
(Multiplexed bus) 


WR, WRL, WRH 
(Multiplexed bus) 


RDY input 


tsu(RDY-BCLK) th(BCLK-RDY) 


(Valid with or without wait) 


tsu(HOLD-BCLK) | | th(BCLK-HOLD 
<> ae ae 


HOLD input \ 


HLDA output 


td(BCLK HLDA | = td(BCLK-HLDA) 


y 


PO, P1, P2, 
P3, P4, 
P50 to P52 


Measuring conditions : 

¢ VCC=5V+10% 

¢ Input timing voltage : Determined with VIL=1.0V, VIH=4.0V 

* Output timing voltage : Determined with VOL=2.5V, VOH=2.5V 


Figure 1.28.14. Vcc=5V timing diagram (13) 
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Mitsubishi microcomputers 


M16C/80 (100-pin version) group 


Electrical characteristics (Vcc = 3V) 


Vcc = 3V 


Table 1.28.23. Electrical characteristics (referenced to Vcc = 3V, Vss = OV at Topr = 25°C, f(XIN) = 
10MHZ with wait) 


Parameter Measuring condition Standard 


Min | Typ. | Max. 


HIGH output P0Oo to P07,P10 to P17,P20 to P27, 
voltage P30 to P37,P40 to P47,P50 to P57, 
P60 to P67,P72 to P77,P80 to P84, 
P86 ,P87,P90 to P97,P100 to P107 


lOH= - 1MA 


HIGHPOWER lOH= - 0.1 mA 
ea output Xout 
ollage LOWPOWER loH= - 50 pA 


HIGH output xcout HIGHPOWER With no load applied 
voltage LOWPOWER With no load applied 


LOW output P00 to P07,P10 to P17,P20 to P27, 
voltage P30 to P37,P40 to P47,P50 to P57, 
P60 to P67,P70 to P77,P80 to P84, 
P86,P87,P90 to P97,P100 to P107 


lot=1mA 


LOW output) your HIGHPOWER loL=0.1mA 
voltage LOWPOWER loL=50nA 


LOW output yxgoyrt HIGHPOWER With no load applied 


voltage LOWPOWER With no load applied 
Hysteresis HOLD, RDY, TAQN to TA4in, 
TBOIN to TB2IN, INTo to INT5, ADTRG, 
CTSo to CTS4,CLKo to CLK4, TA2ouT 
to TA4ouT,NMI, Klo to KI3, RxDO to 
RxD4, SCL2 to SCL4, SDA2 to SDA4 


Hysteresis RESET 


HIGH input P0o to P07,P10 to P17,P2o to P27, 
current P30 to P37,P40 to P47,P50 to P57, 
P60 to P67,P70 to P77,P80 to P87, 
P90 to P97,P100 to P107, 
Xin, RESET, CNVss, BYTE 


LOW input P0Oo to P07,P10 to P17,P20 to P27, 
current P30 to P37,P40 to P47,P50 to P57, 
li P60 to P67,P70 to P77,P80 to P87, 
P90 to P97,P100 to P107, 

XIN, RESET, CNVss, BYTE 


RpuLLup Pull-up P0o to P07,P10 to P17,P20 to P27, 
resistance P30 to P37,P40 to P47,P50 to P57, 
P60 to P67,P72 to P77,P80 to P84, 
P86 ,P87,P90 to P97,P100 to P107 


Rexin Feedback resistance XIN 


Rexcin Feedback resistance XCIN 


V RAM RAM retention voltage When clock is stopped 


, , f(XIN)=10MHz Mask ROM 128 KB version 
In single-chip Square wave, no : 
mode, the output division Mask ROM 256 KB version 


pins are open and Flash memory version 
Olher ping are-VES Feet) Sones Mask ROM 128 KB version 
Square wave Mask ROM 256 KB version 
Power supply Flash memory version 


Gaten f(XCIN)=32kHz 
When a WAIT instruction is executed. 
Oscillation drive capacity is High. 


f(XCIN)=382kHz 
When a WAIT instruction is executed. 
Oscillation drive capacity is Low. 


Topr=25°C, when Mask ROM 128 KB version 


elpekie stonbee Mask ROM 256 KB version 
Flash memory version 


Topr=85°C, when clock is stopped 
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Electrical characteristics (Vcc = 3V) 


Mitsubishi microcomputers 


M16C/80 (100-pin version) group 
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


Vcc = 3V 


Table 1.28.24. A-D conversion characteristics (referenced to Vcc = AVCC = VREF = 3V, VSS = AVSS = 
OV at Topr = 25°C, f(XiN) = 10MHZz unless otherwise specified) 


Parameter 


Resolution 


Measuring condition 


VreF = Vcc 


Standard 


Min. 


Typ. | Max 


Absolute 
accuracy 


Sample & hold function not 
available (8 bit) 


VreF = Voc = 8V, 
ao = fav/2 


RLADDER 


Ladder resistance 


VreF = Voc 


tconv 


Conversion time (8bit) 


VREF 


Reference voltage 


VIA 


Analog input voltage 


Table 1.28.25. D-A conversion characteristics (referenced to Vcc = 3V, VSs = AVss = OV, VREF = 3V 


at Topr = 25°C, f(XIN) = 10MHz unless otherwise sp 


Parameter 


Resolution 


Measuring condition 


ecified) 


Standard 


Min. 


Absolute accuracy 


Setup time 


Output resistance 


Reference power supply input current 


Note :This applies when using one D-A converter, with the D-A register for the unused D-A converter set 
to “0016”. The A-D converter's ladder resistance is not included. 
Also, when the contents of D-A register 1 is except "0016" and the Vref is unconnected at the A-D 
control register 1, IVREF is sent. 


234 


MITSUBISHI 
ELECTRIC 


Mitsubishi microcomputers 


M16C/80 (100-pin version) group 


Timing (Vcc = 3V) SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


Vcc = 3V 


Timing requirements (referenced to Vcc = 3V, Vss = OV at Topr = 25°C unless otherwise specified) 


Table 1.28.26. External clock input 
Standard 
Min. | Max. 


Parameter 


External clock input cycle time 
External clock input HIGH pulse width 
External clock input LOW pulse width 
External clock rise time 

External clock fall time 


Table 1.28.27. Memory expansion and microprocessor modes 


Standard 


Parameter Min. 


Data input access time (RD standard, no wait) 


tac1(RD-DB) ( 

Data input access time (AD standard, CS standard, no wait) 
( 
( 


( 
tact (AD-DB) 
tac2(RD-DB) 
tac2(AD-DB) 
( ) 
( ) 


Data input access time (RD standard, with wait) 
Data input access time (AD standard, CS standard, with wait) 
Data input access time (RD standard, when accessing multiplex bus area) 


( 
Data input access time (AD standard, CS standard, when accessing 
multiplex bus area) 


tac3(RD-DB 
tac3(AD-DB 


tac4(RAS-DB) 


Data input access time (RAS standard, DRAM access) 


tac4(CAS-DB) 


Data input access time (CAS standard, DRAM access) 


tac4(CAD-DB) 


Data input access time (CAD standard, DRAM access) 


tsu(DB-BCLK) 


Data input setup time 


tsu(RDY-BCLK ) 


RDY input setup time 


tsu(HOLD-BCLK ) 


HOLD input setup time 


th(RD-DB) 


Data input hold time 


th(CAS-DB) 


Data input hold time 


RDY input hold time 


th(BCLK-HOLD ) 


HOLD input hold time 


( 

th(BCLK -RDY) 
( 
( 


td(BCLK-HLDA ) 


HLDA output delay time 


Note: Calculated according to the BCLK frequency as follows: 
Note that inserting wait or using lower operation frequency f(BCLK) is needed when 
calculated value is negative. 


10° 
tac1(RD — DB) = FecuK) XD —55 [ns] 
10° 
tact (AD = DB) = ~F(BCLK) = 55 [ns] 
10°X m 
tac2(RD — DB) = “ec XD ~ 55 [ns] (m=3, 5 and 7 when 1 wait, 2 wait and 3 wait, respectively) 
10°Xn ; ; ; 
ac: = ==... CT =e, r) H 
tac2(AD — DB) TEES 55 [ns] (n=2, 3 and 4 when 1 wait, 2 wait and 3 wait, respectively) 
10°Xm ; ; 
tac3(RD — DB) = ECL XE 55 [ns] (m=3 and 5 when 2 wait and 3 wait, respectively) 
10°Xn , ; ; 
tac3(AD — DB) = Fecu) X2 55 [ns] (n=5 and 7 when 2 wait and 3 wait, respectively) 
10°X m 
tac4(RAS — DB) = FBoLK)X2 55 [ns] (m=3 and 5 when 1 wait and 2 wait, respectively) 
10°Xn 
tac4(CAS — DB) = “Feciy X2 ~ 55 [ns] (n=1 and 3 when 1 wait and 2 wait, respectively) 
10°X | 
tac4(CAD — DB) = ec 55 [ns] (l=1 and 2 when 1 wait and 2 wait, respectively) 
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Mitsubishi microcomputers 


M16C/80 (100-pin version) group 
Timing (Vcc = 3V) SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


Vcc = 3V 


Timing requirements (referenced to Vcc = 3V, Vss = OV at Topr = 25°C unless otherwise specified) 


Table 1.28.28. Timer A input (counter input in event counter mode) 
Standard 
Min. Max. 


Parameter 


TAiIN input cycle time 


TAiIN input HIGH pulse width 
TAiIN input LOW pulse width 


Table 1.28.29. Timer A input (gating input in timer mode) 
Standard 


Parameter 
Min. Max. 


TAIIN input cycle time 
TAiIN input HIGH pulse width 
TAiIN input LOW pulse width 


Table 1.28.30. Timer A input (external trigger input in one-shot timer mode) 
Standard 
Min. Max. 


Parameter 


TAIIN input cycle time 
TAiIN input HIGH pulse width 
TAiIN input LOW pulse width 


Table 1.28.31. Timer A input (external trigger input in pulse width modulation mode) 


vere 
Symbol Parameter Unit 


tw(TAH) TAiIN input HIGH pulse width 150 
tw(TAL) TAiIN input LOW pulse width 150 ns 


Table 1.28.32. Timer A input (up/down input in event counter mode) 


Standard 
Min. Max. 


Parameter 


te(UP) TAioutT input cycle time 

tw(UPH) TAiouT input HIGH pulse width 
tw(UPL) TAioutT input LOW pulse width 
tsu(UP-Tin) | TAiOUT input setup time 
th(TiN-UP) TAiouT input hold time 
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Mitsubishi microcomputers 


M16C/80 (100-pin version) group 
Timing (Vcc = 3V) SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


Vcc = 3V 


Timing requirements (referenced to Vcc = 3V, Vss = OV at Topr = 25°C unless otherwise specified) 


Table 1.28.33. Timer B input (counter input in event counter mode) 
Standard 
Min. Max. 


Parameter 


tc(TB) TBiIN input cycle time (counted on one edge) 

tw(TBH) TBiIN input HIGH pulse width (counted on one edge) 
tw(TBL) TBiIN input LOW pulse width (counted on one edge) 
tc(TB) TBIIN input cycle time (counted on both edges) 

tw(TBH) TBiIN input HIGH pulse width (counted on both edges) 
tw(TBL) TBiIN input LOW pulse width (counted on both edges) 


Table 1.28.34. Timer B input (pulse period measurement mode) 


Standard 
Min. Max. 


Parameter 


TBIIN input cycle time 
TBiIN input HIGH pulse width 
TBiIN input LOW pulse width 


Table 1.28.35. Timer B input (pulse width measurement mode) 


Parameter 


Standard 
Min. Max. 
TBiIN input cycle time 
TBiIN input HIGH pulse width 
TBiIN input LOW pulse width 


Table 1.28.36. A-D trigger input 
Standard 
Min. Max. 
ADtTra input cycle time (trigger able minimum) 1500 
ADrtac input LOW pulse width 200 


Parameter 


Table 1.28.37. Serial I/O 


Standard 
i Max. 


Parameter 


te(Ck) CLKi input cycle time 
tw(CKH) CLKi input HIGH pulse width 
tw(CKL) CLKi input LOW pulse width 
ta(C-Q) TxDi output delay time 
th(C-Q) TxDi hold time 

tsu(D-C) RxDi input setup time 

th(C-D) RxDi input hold time 


Table 1.28.38. External interrupt INTi inputs 


Standard 
Symbol Parameter : 
Min. Max. 


tw(INH) INTi input HIGH pulse width 380 


tw(INL) INTi input LOW pulse width 380 
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Mitsubishi microcomputers 


M16C/80 (100-pin version) group 
Timing (Vcc = 3V) SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


Vcc = 3V 


Switching characteristics (referenced to Vcc = 3V, Vss = OV at Topr = 25°C unless otherwise 
specified) 


Table 1.28.39. Memory expansion and microprocessor modes (with no wait) 


Standard 
i Max. 


Parameter Measuring condition 


Address output delay time 

Address output hold time (BCLK standard) 
Address output hold time (RD standard) 
Address output hold time (WR standard) 
Chip select output delay time 

h(BCLK-CS) Chip select output hold time (BCLK standard) 
h(RD-CS) Chip select output hold time (RD standard) 
h(WR-CS) Chip select output hold time (WR standard) 
d(BCLK-ALE) | ALE signal output delay time 

h(BCLK-ALE) | ALE signal output hold time Figure 1.28.1 
d(BCLK-RD) RD signal output delay time 
h(BCLK-RD) RD signal output hold time 

d(BCLK-wR) | WR signal output delay time 
h(BCLK-wR) | WR signal output hold time 

d(DB-WR) Data output delay time (WR standard) 
h(WR-DB) Data output hold time (WR standard) 
WR signal width 


Note: Calculated according to the BCLK frequency as follows: 


td(DB— WR) = 10° 40 
f(BCLk) [ns] 
th(WR — DB) = 108 20 
f(BCLk) X 2 [ns] 
th(WR-— AD) = 108 20 
f(BCLK) X 2 [ns] 
th(WR- CS) = 108 20 
f(BCLK) X 2 [ns] 
tw(WR) = 10° 20 
f(BCLK) X 2 [ns] 
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Timing (Vcc = 3V) 


Mitsubishi microcomputers 


M16C/80 (100-pin version) group 
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


Vcc = 3V 


Switching characteristics (referenced to Vcc = 3V, Vss = OV at Topr = 25°C unless otherwise 


specified) 


Table 1.28.40. Memory expansion and microprocessor modes 


td(BCLK-AD) 


(with wait, accessing external memory) 


Parameter 


Address output delay time 


Measuring condition 


th(BCLK-AD) 


Address output hold time (BCLK standard) 


th(RD-AD) 


Address output hold time (RD standard) 


th(WR-AD) 


Address output hold time (WR standard) 


td(BCLK-CS) 


Chip select output delay time 


th(BCLK-CS) 


Chip select output hold time (BCLK standard) 


th(RD-Cs) 


Chip select output hold time (RD standard) 


Chip select output hold time (WR standard) 


Figure 1.28.1 


td(BCLK-ALE) 


ALE signal output delay time 


th(BCLK-ALE) 


ALE signal output hold time 


td(BCLK-RD) 


RD signal output delay time 


th(BCLK-RD) 


RD signal output hold time 


td(BCLK-WR) 


WR signal output delay time 


th(BCLK-WR) 


WR signal output hold time 


( 
( 
( 
( 
( 
( 
( 
th(WR-CS) 
( 
( 
( 
( 
( 
( 
( 


td(DB-WR) 


Data output delay time (WR standard) 


th(WR-DB) 


Data output hold time (WR standard) 


tw(WR) 


Note: Calculated according to the BCLK frequency as follows: 


WR signal width 


Standard 
i Max. 


9 
td(DB- WR) = en : F ; ‘ 
f(BCLK) [ns] (n=1, 2 and 3 when 1 wait, 2 wait and 3 wait, respectively) 
th(WR- DB) = tO" 20 
~  f(BCLK X2 [ns] 
th(WR- AD) = 108 20 
~ f(BCLKYX2 [ns] 
10° 
thWR-CS)= Feri x2 9 Ins] 
tw( WR) = _10°Xn_ — 20 . . 
~~ £(BCLK) X 2 [ns] (n=1, 3 and 5 when 1 wait, 2 wait and 3 wait, respectively) 
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Timing (Vcc 


= 3V) 


Mitsubishi microcomputers 


M16C/80 (100-pin version) group 
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


Vcc = 3V 


Switching characteristics (referenced to Vcc = 3V, Vss = OV at Topr = 25°C, CM15 = “1” unless 


otherwise 


Table 1.28.41. Memory expansion and microprocessor modes 


td(BCLK-AD) 


specified) 


(with wait, accessing external memory, multiplex bus area selected) 


Address output delay time 


th(BCLK-AD) 


Address output hold time (BCLK standard) 


th(RD-AD) 


Address output hold time (RD standard) 


th(WR-AD) 


Address output hold time (WR standard) 


td(BCLK-Cs) 


Chip select output delay time 


th(BCLK-CS) 


Chip select output hold time (BCLK standard) 


th(RD-CS) 


Chip select output hold time (RD standard) 


th(WR-CS) 


Chip select output hold time (WR standard) 


td(BCLK-RD) 


th(BCLK-RD) 


RD signal output hold time 


td(BCLK-WR) 


WR signal output delay time 


th(BCLK-WR) 


WR signal output hold time 


Data output delay time (WR standard) 


( 
td( 
th( 


Data output hold time (WR standard) 


td(BCLK-ALE) 


ALE signal output delay time (BCLK standard) 


ALE signal output hold time (BCLK standard) 


( 
th(BCLK-ALE) 
td(AD-ALE) 


ALE signal output delay time (address standard) 


th(ALE-AD) 


ALE signal output hold time (address standard) 


tdz(RD-AD) 


Address output flowting start time 


th(BCLK-DB) 


DB signal output hold time (BCLK standard) 


Note: Calculated according to the BCLK frequency as follows: 


th 


th 


th 


th 


td 


th 


td 


th 


Parameter Measuring condition 


RD signal output delay time Figure 1.28.1 


Standard 
Min. Max. 


RD — AD) = 108 20 
~ — f(BCLK)X2 [ns] 
WR — AD) = _ ° 20 
~ £(BCLK)X2. [ns] 
RD-CS) = 108 20 
~ — f(BCLK)X2. [ns] 
WR - CS) = pe ae ° 20 
~ £(BCLKIYX2 [ns] 
DB-—WR 10°X m — 40 
= f(BCLK) X 2 [ns] (m=3 and 5 when 2 wait and 3 wait, respectively) 
109 
WR-PB) = “Feo X22 ey [ns] 
AD — ALE) = —— : 27 
f(BCLK)X2. [ns] 
109 
ALE — AD) = F(BCLK) X2 — 20 [ns] 
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Mitsubishi microcomputers 


M16C/80 (100-pin version) group 


Timing (Vcc = 3V) SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


Vcc = 3V 


Switching characteristics (referenced to Vcc = 3V, Vss = OV at Topr = 25°C unless otherwise 
specified) 


Table 1.28.42. Memory expansion and microprocessor modes 
(with wait, accessing external memory, DRAM area selected) 


Standard 
Min. Max. 
Row address output delay tine 25 
Row address output hold time (BCLK standard) 
String address output delay time 25 
String address output hold time (BCLK standard) 
Row address output hold time after RAS output 
RAS output delay time (BCLK standard) 

RAS output hold time (BCLK standard) 
RAS "H" hold time 

CAS output delay time (BCLK standard) 
CAS output hold time (BCLK standard) 
Data output delay time (BCLK standard) 
Data output hold time (BCLK standard) 


Parameter Measuring condition 


Figure 1.28.1 


(DB-CAS) 


CAS after DB output setup time 


th(BCLK-DB) 


DB signal output hold time (BCLK standard) 


tsu(CAS-RAS) 


CAS before RAS setup time (refresh) 


Note: Calculated according to the BCLK frequency as follows: 


th(RAS — RAD) = 2 WE —25 
(RAS~ RAD) = FipcLig X 2 [ns] 
10° X3 
ie faci x2 ~ Inj 
10° 
tsu(DB — CAS) = ~F(BCLK) — 40 [ns] 
tsu(CAS —RAS) 10° 25 
su = — 
f(BCLK) X 2 [ns] 
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Mitsubishi microcomputers 


M16C/80 (100-pin version) group 
Timing (Vcc = 3V) SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


Memory expansion Mode and Microprocessor Mode (without wait) 
Read Timing 


BCLK 
td(BCLK-ALE) } 
25ns.max 'th(BCLK- -ALE) | 
<> > i+ -2ns.min 


: td(BCLK-CS) 


25ns.max 


i ule 
tg(BCLK-AD) 4, ‘th(BCLK-AD) | 
> 25ns.max ¢»! Ons.min 


|} td(BCLK-RD) , ‘yt '_ th(RD-AD) 

| 1 25ns.max >" '" Ons.min : 

tact (RD-DB)"2 ‘gp: ig. th(BCLK-RD) 
pt yt -3ns.min ’ 


tsu(DB- BCLK) ae al ' th(RD- DB) 


40ns.min 4 1 Ons.min: 
*1:It is a guarantee value with being alone. 55ns.max garantees as td(BCLK-AD)+tsu(DB-BCLK). 
*2:It depends on operation frequency. 

tac1(RD-DB)=(tcyc/2-55)ns.max 

tac1(AD-DB)=(tcyc-55)ns.max 


Write Timing ( Written by 2 cycles in selecting no wait) 
BCLK \ 
‘td(BCLK- ALE)! : 
25ns. max ze \- th(BCLK- -ALE) 


-2ns.min | 


' den = ' eel 
t ! ré—> Ons.min : 


'td(BCLK-AD) i “'th(BCLK- AD) 
<> _25ns.max, ‘ <> Ons.min 


!  td(BCLIK-WR) . twoway3 ig _th(WR-AD) © | 
; 25ns. MAX ¢—>-<t——— i 


= _F th(BCLK-WR) 
' > © Ons.min' | 
td(DB-wr)? | } th(wrR-DB) > 


*3:It depends on operation frequency. i iti 
td(DB-wR)=(tcyc-40)ns.min ee 
( = aL fo} 


th(WR-DB)=(tcyc/2-20)ns.min 
y ) ¢ Input timing voltage :Determined with VIH=1.5V, ViL=0.5V 


th(WR-AD)=(tcyc/2-20)ns.min Ciuc ; D secant 4 5V. Voiet SV 
th(wr-cs)=(teye/2-20)ns.min utput timing voltage :Determined with VOH=1.5V, VOL=1.5 


tw(WR)=(tcyc/2-20)ns.min 


Figure 1.28.15. Vcc=3V timing diagram (1) 
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Mitsubishi microcomputers 


M16C/80 (100-pin version) group 
Timing (Vcc = 3V) SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


Memory expansion Mode and Microprocessor Mode (with 1 wait) 
Read Timing 


BLK _Posremx S/W Lf 


Ig(BCLICALE) ‘ th(BCLK-ALE) ! 
<< > i -2ns.min | 


ey teBCLK- cs) ‘+ th(BCLK-CS) 
| 25ns. max | 4 ' ' ons. 

tcyc i th(RD-CS) 
ae ryt Ons.min 


td(BCLK- -AD) a 'th(BCLK: “AD) | 
— 25ns.max : : << Ons.min 


i»: «- th(RD-AD) 
Ons.min | 


7 _th(BCLK- RD 
tac2(RD-DB) 2 > : ie hs, min 


tac2(AD-DB) 2 


tsu(DB-BCLK) | <> <>: thino- DB) 
40ns.min © ' _ 2 Ons.min' 


*1:It is a guarantee value with being alone. 55ns.max garantees as td(BCLK-AD)+tsu(DB-BCLK). 

*2:lt depends on operation frequency. 
tac2(RD-DB)=(tcyc/2 x m-55)ns.max (m=3, 5 and 7 when 1 wait, 2 wait and 3 wait, respectively.) 
tac2(AD-DB)=(tcyc x n-55)ns.max (n=2, 3 and 4 when 1 wait, 2 wait and 3 wait, respectively.) 


Write Timing 


Jagour ALE '<-th(BCLK-ALE) 


ALE ; \ -2ns.min : 


‘1 td(BCLK-CS) ' th(BCLK- CS) 
1”! 25ns.maxi : <> : Ons. min « 


' 1 f ; *3 

< toyc ' th(WR-CS) 
: — ttd(BCLK- -AD) 1 '_ _, th(BCLK-AD) 
aie 25ns.max' ia in | 


te(BCLK-WR) + twwry"3 | 
25ns.max > 


th(BCLK-WR) 
' >  Ons.min '. 
td(DB-WR) 2! ,¢_th(WR-DB) 3 


*3:It depends on operation frequency. Measuring conditions 
ta(DB-wR)=(tcyc x n-40)ns.min * Voc=3V+10% 
(n=1, 2 and 3 when 1 wait, 2 wait and 3 wait, respectively.) | ss 
th(WR-DB)=(tcyc/2-20)ns.min Mut TMng voltage 
th(WR-AD)=(tcyc/2-20)ns.min :Determined with VIH=1.5V, VIL=0.5V 
th(WR-CS)=(tcyc/2-20)ns.min * Output timing voltage 


twwr)=(teyc/2 x n-20)ns.min :Determined with VoH=1.5V, VoL=1.5V 
(n=1, 3 and 5 when 1 wait, 2 wait and 3 wait, respectively.) 


Figure 1.28.16. Vcc=3V timing diagram (2) 
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Mitsubishi microcomputers 


M16C/80 (100-pin version) group 
Timing (Vcc = 3V) SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


Memory expansion Mode and Microprocessor Mode (with 2 wait) 
Read Timing 


cK _fersmx Sf \___f | 


td(BCLK-ALE) ' th(BCLK-ALE) 
a > it -2ns.min ! 


' a» tBOLK 68) ' : th(BCLK-CS) 
oa ! ' > _Ons.mini 
| 25ns. max ' ' ' r 


'«_ th(RD-Cs) 


Se Ons.min 


1 
1 


td(BCLK-AD) , 'h(BCLK-AD) 


i>! 25ns.max 1 


 fABCLK- RD) 
: 25ns, max‘ mal 


tac2(RD-DB) 
tac2(AD-DB) 


tsu(DB-BCLK) «+! <>: thyro-0B) 
40ns.min © 1" Ons.min; 


*1:It is a guarantee value with being alone. 55ns.max garantees as td(BCLK-AD)+tsu(DB-BCLK). 

*2:It depends on operation frequency. 
tac2(RD-DB)=(tcyc/2 x m-55)ns.max (m=3, 5 and 7 when 1 wait, 2 wait and 3 wait, respectively.) 
tac2(AD-DB)=(tcyc x n-55)ns.max (n=2, 3 and 4 when 1 wait, 2 wait and 3 wait, respectively.) 


Write Timing 


BCLK / 25ns.max \ / 
(BCLK-AL 
ge . ai ¢- th(BCLK- ALE) 


-2ns.min | 


__.:td(BCLK-CS) | _ th(BCLK-CS) 
nd 25ns.maxi H ' ' >: Ons.min : 


teyc! 
std(BCLK-AD) 7 x ith(BCLK-AD) 


<> 
1 25s. max' ad Ons.min_! 


td(BCLK-WR)  twwey’3 
25ns.max <> 


/ th(BCLK- WR) 
+ ¢- Ons.min : 

th(WR-DB) 

>it ; 


*3:It depends on operation frequency. Measuring conditions 
td(DB-WR)=(tcyc x n-40)ns.min * Voc=3V+10% 
(n=1, 2 and 3 when 1 wait, 2 wait and 3 wait, respectively.) oa 
th(WR-DB)=(tcyc/2-20)ns.min * Input timing voltage 
th(WR-AD)=(tcyc/2-20)ns.min ‘Determined with ViH=1.5V, VIL=0.5V 
th(WR-CS)=(tcyc/2-20)ns.min * Output timing voltage 


tw(wr)=(teyc/2 x n-20)ns.min ‘Determined with VoH=1.5V, VoL=1.5V 
(n=1, 3 and 5 when 1 wait, 2 wait and 3 wait, respectively.) 


Figure 1.28.17. Vcc=3V timing diagram (3) 
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Timing (Vcc = 3V) 


Mitsubishi microcomputers 


M16C/80 (100-pin version) group 
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


Memory expansion Mode and Microprocessor Mode (with 3 wait) 


Read Timing 
BCLK | 


to(BCLK-ALE) ‘ th(BCLK-ALE) 
al > i+ -2ns.min ! 


tac2(RD- pB) 2 


‘€ th(RD- 68) 
me min 


inocu AD) 


h(BCLK- RD) 
“3ns. min 


tac2(AD-DB) 2 


tsu(DB-BCLK) “+ —> ¥>thep.0B) 


40ns.min |’ 1" Ons.min’ 


*1:It is a guarantee value with being alone. 55ns.max garantees as td(BCLK-AD)+tsu(DB-BCLK). 


*2:It depends on operation frequency. 


tac2(RD-DB)=(tcyc/2 x m-55)ns.max (m=3, 5 and 7 when 1 wait, 2 wait and 3 wait, respectively.) 
tac2(AD-DB)=(tcyc x n-55)ns.max (n=2, 3 and 4 when 1 wait, 2 wait and 3 wait, respectively.) 


Write Timing 


BCLK / 25ns.max \ | 
pe pens: AB «th BCLK: Ae 


ALE 


'{d(BCLK-CS 
' 25ns! max: 


! sfa(BCLK-AD) 
ae ; 25ns. max' 


td(BCLK- -WR) wt ‘5 


25ns.max i “ 


/ th(BCLK- WA) 
>| ‘e- Ons, min! 


*3:It depends on operation frequency. 

td(DB-WR)=(tcyc x n-40)ns.min 

(n=1, 2 and 3 when 1 wait, 2 wait and 3 wait, respectively.) 
th(WR-DB)=(tcyc/2-20)ns.min 

th(WR-AD)=(tcyc/2-20)ns.min 

th(WR-CS)=(tcyc/2-20)ns.min 

tw(WR)=(tcyc/2 x n-20)ns.min 

(n=1, 3 and 5 when 1 wait, 2 wait and 3 wait, respectively.) 


Figure 1.28.18. Vcc=3V timing diagram (4) 


Measuring conditions 
* Voc=3V+10% 
* Input timing voltage 
‘Determined with VIH=1.5V, VIL=0.5V 
* Output timing voltage 
:Determined with VOH=1.5V, VOL=1.5V 
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*3 


Timing (Vcc = 3V) 


Mitsubishi microcomputers 


M16C/80 (100-pin version) group 
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


Memory expansion Mode and Microprocessor Mode 
(When accessing external memory area with 2 wait, and select multiplexed bus) 


Read Timing 


td(BCLK-ALE) 
| 25ns.max 
>! 


th(BCLK-ALE) 
> -2ns.min | 


td(BCLK- C8)! 


.th(BCLK-CS) 


>) a max: } 


‘tea “ALE _ tMALE- -A0) a9 


ae) ee 
tdz(RD-AD) 


“ti <= 8ns.max 


; H 'Ons.min 
<M. 


th(RD-cs)"! | 


a Data input }------- jered a 


'<——>! ‘<>! th(RD- DB) 
tsy(DB- BCLK): ‘: Ons. min; th(BCLK- -AD) | 


| td(BCLK- -AD) it 
<> 25ns.max! ! 


tac3(RD-DB) | | 


40ns.min +> Ons.min 


a = 
tac3(AD-DB) ! ' td(BCLK-RD) ! 
; ‘¢—», 25ns.max! 
*1:Ilt depends on operation frequency. 
td(AD-ALE)=(tcyc/2-27)ns.min 


th(ALE-AD)=(tcyc/2-20)ns.min, th(RD-AD)=(tcyc/2-20)ns.min, th(RD-Cs) 


> ro 
th(BCLK-RD)! | th(RD- “AD) 
-3ns.min 7 


=(tcyc/2-20)ns.min 


tac3(RD-DB)=(tcyc/2 x m-55)ns.max (m=3 and 5 when 2 wait and 3 wait, respectively.) 
tac3(AD-DB)=(tcyc/2 x n-55)ns.max (n=5 and 7 when 2 wait and 3 wait, respectively.) 


Write Timing 


, th(BCLK-ALE) 
~ a -2ns.min 


'td(BCLK- -ALE) | 
25ns.max 


i th(BCLK- C8) 


i: Lae CS) 


nee 
' <+—_____> 


) = _th(ALE-AD) 2: 
Address 


' Ons.min 


| th(BCLK-DB) 


‘ Ons.min : 
Address 


‘ Data output | | 


‘td(BCLK-AD) 
+> 25ns.max' 


' td(BCLK-WR) : 
ie 25ns.max 


*2:lt depends on operation frequency. 
td(AD-ALE)=(tcyc/2-27)ns.min 


th(ALE-AD)=(tcyc/2-20)ns.min, th(WR-AD)=(tcyc/2-20)ns.min 
th(WR-CS)=(tcyc/2-20)ns.min, th(WR-DB)=(tcyc/2-20)ns.min 


td(DB-wR)=(tcyc/2 x m-40)ns.min 
(m=3 and 5 when 2 wait and 3 wait, respectively.) 


Figure 1.28.19. Vcc=3V timing diagram (5) 


5, gle ca 
td(DB-wr) 2 : | th(WR-DB) © ' 
- i, th(BCLK-AD) 

ty > Ons.min : 


‘th(BCLK-WR) } } th(WR-AD) ° 
Ons.min > + ' 


Measuring conditions 
* Vec=3V+10% 
* Input timing voltage 
:Determined with VIH=1.5V, ViIL=0.5V 
* Output timing voltage 
:Determined with VOH=1.5V, VOL=1.5V 
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Mitsubishi microcomputers 


M16C/80 (100-pin version) group 
Timing (Vcc = 3V) SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


Memory expansion Mode and Microprocessor Mode 


(When accessing external memory area with 3 wait, and select multiplexed bus) 


Read Timing 


{d(BCLK-ALE) | thBCLK-ALE) 
reali ia -2ns.min ! 
.th(BCLK-CS) 


<> ; 
'Ons.min 


' td(BCLK-cS) 


ré> 25ns.max | ¢ 


th(ALE-AD) |, 
mid 


st (Daan) (Tas 


«>_<! th(RD-DB) 
tsu(DB-BCLK): | Ons.min: th(BCLK-AD) | 


«>: 25ns.max: i tac3(RD-DB) | ! ee 


'{d(BCLK-AD) iN 


. = , —> | #1» 
~ tac3(AD-DB) | ' td(BCLK-RD) ! ' th(BCLK-RD): { th(RD-AD) | 
\ 4 25ns.max; 1 anemia ! 
*1:It depends on operation frequency. 
td(AD-ALE)=(tcyc/2-27)ns.min 
th(ALE-AD)=(tcyc/2-20)ns.min, th(RD-AD)=(tcyc/2-20)ns.min, th(RD-CS)=(tcyc/2-20)ns.min 
tac3(RD-DB)=(tcyc/2 x m-55)ns.max (m=3 and 5 when 2 wait and 3 wait, respectively.) 


tac3(AD-DB)=(tcyc/2 x n-55)ns.max (n=5 and 7 when 2 wait and 3 wait, respectively.) 
Write Timing 


BCLK 


25ns.max pt te -2ns.min 
+> ‘ 1 \ ' 
: '¢-»: th(BCLK-CS) 
BoLK-s} 3 tywcs)2) | Ose 
25ns.max: | ees 

ta(AD-ALE) atte ‘cp’ th(BCLK-DB) 


+—_—_> 


td(DB-WR) 2! | DB)? ' : 
'td(BCLK-AD) th(BCLK-AD) 
<> Ons.min 


' td(BCLK-WR) ith(BCLK-WR) : 
— 25ns.max‘ ‘+ Ons.min > 


*2:lt depends on operation frequency. Measuring conditions 
td(AD-ALE)=(tcyc/2-27)ns.min + Voc=3VH10% 
th(ALE-AD)=(tcyc/2-20)ns.min, th(WR-AD)=(tcyc/2-20)ns.min . an 
th(WR-CS)=(tcyc/2-20)ns.min, th(wR-DB)=(tcyc/2-20)ns.min Input timing voltage 
td(DB-WR)=(tcyc/2 x m-40)ns.min ‘Determined with VIH=1.5V, ViL=0.5V 

(m=3 and 5 when 2 wait and 3 wait, respectively.) * Output timing voltage 
‘Determined with VoH=1.5V, VoL=1.5V 


Figure 1.28.20. Vcc=3V timing diagram (6) 
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Mitsubishi microcomputers 


M16C/80 (100-pin version) group 
Timing (Vcc = 3V) SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


Memory expansion Mode and Microprocessor Mode 


(When accessing DRAM area with 1 wait) 


tcyc ! ! 

| ttd(BCLK-CAD) 

td(BCLK-RAD) _ th(BCLK-RAD) i> o5n5 max"t 
25ns.max*1 ‘' Ons.min | 

> ' aa 


th(BCLK-CAD) 
Ons.min: 


th(RAS-RAD)*2 ! 


H 
; 
i 
i 
<> | 1 
| Mt 1 
i 
i 
i 
; 


bo | th(BCLK-RAS) 
; 1 : a wt 5 
to(BCLK-RAS) ; | tuBcLK-cas) |  oms™n 


25ns.max*1 > 25ns.max*1 


rig th(BCLK-CAS) 
1+ -3ns.min 
a tac4(CAS-DB)'2 


<1! tac4(CAD-DB)*2 

>! tac4(RAS-DB)*2 

tsu(DB-BCLK) —>! <>'th(CAS-DB) | 
40ns.min*1 Ons.min 


*1:It is a guarantee value with being alone. 55ns.max garantees as follows: 
td(BCLK-RAS) + tsu(DB-BCLK) 


td(BCLK-CAS) + tsu(DB-BCLK) 
td(BCLK-CAD) + tsu(DB-BCLK) 


*2:lt depends on operation frequency. 
tac4(RAS-DB)=(tcyc/2 x m-55)ns.max (m=3 and 5 when 1 wait and 2 wait, respectively.) 
tac4(CAS-DB)=(tcyc/2 x n-55)ns.max (n=1 and 3 when 1 wait and 2 wait, respectively.) 
tac4(CAD-DB)=(tcyc x I-55)ns.max (I=1 and 2 when 1 wait and 2 wait, respectively.) 
th(RAS-RAD)=(tcyc/2-25)ns.min 
tRP=(tcyc/2 x 3-40)ns.min 


Measuring conditions 
* Vec=3V+10% 
* Input timing voltage 
:Determined with VIH=1.5V, ViL=0.5V 
* Output timing voltage 
:Determined with VOH=1.5V, VOL=1.5V 


Figure 1.28.21. Vcc=3V timing diagram (7) 
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Mitsubishi microcomputers 


M16C/80 (100-pin version) group 
Timing (Vcc = 3V) SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


Memory expansion Mode and Microprocessor Mode 


(When accessing DRAM area with 1 wait) 
Write Timing 


teyc 


I(BCLI-RAD) tECLK-RAD)\¢ pitd(BCLK-CAD) — th(BCLK-CAD) 
mul, . Preiin eo 2ons.max > Ons.min; 


{_Row address; {String address 


th(RAS-RAD)*1 : 
I <> 


td(BCLK-RAS) td(BCLK-CAS) * © TR(BCLK-RAS) | 
¢>:25ns.max 4 oeemay 
! 3 ; Me thiBCLK-CAS) | 
td(BCLK-DW) : Cy ' -3ns.min 
> 25ns.max rot 


| Dae. ae ol th(BCLK-DW) 
tsu(DB-CAS)"1 |: ; Ons.min 
a 1 


'¢—>! th(BCLK-DB) | 
-7ns.min 


*1:It depends on operation frequency. 
th(RAS-RAD)=(tcyc/2-25)ns.min 
trP=(tcyc/2 x 3-40)ns.min 
tsu(DB-CAS)=(tcyc-40)ns.min 


Measuring conditions 
* Vec=3V+10% 
* Input timing voltage 
‘Determined with VIH=1.5V, VIL=0.5V 
+ Output timing voltage 
‘Determined with VoH=1.5V, VOL=1.5V 


Figure 1.28.22. Vcc=3V timing diagram (8) 
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Mitsubishi microcomputers 


M16C/80 (100-pin version) group 
Timing (Vcc = 3V) SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


Memory expansion Mode and Microprocessor Mode 


(When accessing DRAM area with 2 wait) 


Read Timing 


 « 'td(BCLK-CAD) : 
td(BCLK-RAD) _th(BCLK-RAD)!*> 955 max't th(BCLK-CAD) 
i ; 1 Ons.min} 


25ns.max*1 | Ons.min |! 
> H nit 
String addres 


“1 th(BCLK-RAS 

' fd(BCLK-RAS) —_! td(BCLK-CAS) Gea 

>25ns.max"1! 4»! 25ns.max"t = 

_ > '« th(BCLK-CAS) 

H '  -8ns.min 
tac4(CAS-DB)*2 

|_| tac4(CAD-DB)*2: 


tac4(RAS-DB)*2 


1 td 


tsu(DB-BCLK) ‘<>! ‘<>! th(CAS-DB) 
40ns.min*1 Ons.min 


*1:It is a guarantee value with being alone. 55ns.max garantees as follows: 
td(BCLK-RAS) + tsu(DB-BCLK) 


td(BCLK-CAS) + tsu(DB-BCLK) 
td(BCLK-CAD) + tsu(DB-BCLK) 


*2:lt depends on operation frequency. 
tac4(RAS-DB)=(tcyc/2 x m-55)ns.max (m=3 and 5 when 1 wait and 2 wait, respectively.) 
tac4(CAS-DB)=(tcyc/2 x n-55)ns.max (n=1 and 3 when 1 wait and 2 wait, respectively.) 
tac4(CAD-DB)=(tcyc x I-55)ns.max (l=1 and 2 when 1 wait and 2 wait, respectively.) 
th(RAS-RAD)=(tcyc/2-25)ns.min 
tRP=(tcyc/2 x 3-40)ns.min 


Measuring conditions 
* Vec=3V+10% 
+ Input timing voltage 
:Determined with VIH=1.5V, ViL=0.5V 
* Output timing voltage 
:Determined with VOH=1.5V, VOL=1.5V 


Figure 1.28.23. Vcc=3V timing diagram (9) 
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Mitsubishi microcomputers 


M16C/80 (100-pin version) group 
Timing (Vcc = 3V) SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


Memory expansion Mode and Microprocessor Mode 


(When accessing DRAM area with 2 wait) 


toyc 
—— sy ! ! 
td(BCLK-RAD) th(BCLK-CAD) 

zane ' Ons.min lgp | 20"S.max '~>: Ons.min| 


Mai | : | String address | 


'td(BCLK-RAS) td(BCLK-CAS) + th(BCLK-RAS) 
'25ns.max eal ‘+ Ons.min 


-3ns.min 


td( 
> 25ns.max 

ae th(BCLK-DW) 
'  Ons.min 


*1:It depends on operation frequency. 
th(RAS-RAD)=(tcyc/2-25)ns.min 
tRP=(tcyc/2 x 3-40)ns.min 
tsu(DB-CAS)=(tcyc-40)ns.min 


Measuring conditions 
* Vec=3V+10% 
* Input timing voltage 
‘Determined with VIH=1.5V, VIL=0.5V 
* Output timing voltage 
‘Determined with VOH=1.5V, VoL=1.5V 


Figure 1.28.24. Vcc=3V timing diagram (10) 


MITSUBISHI 
pm ELECTRIC 251 


Mitsubishi microcomputers 


M16C/80 (100-pin version) group 
Timing (Vcc = 3V) SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


Memory expansion Mode and Microprocessor Mode 
Refresh Timing (CAS before RAS refresh) 


td(BCLK-RAS) 
H ! 25ns.max 


“1, th(BCLK-RAS) 


tsu(CAS-RAS)*1 Ons.min' 
<——_—_ > ae 


: td(BCLK-CAS) | 
ee 


> '<— th(BCLK-CAS) 
25ns.max 


-3ns.min 


*1:It depends on operation frequency. 
tsu(CAS-RAS)=(tcyc/2-25)ns.min 


Refresh Timing (Self-refresh) 


td(BCLK-RAS) 
25ns.max > 


ae +e 
1 tsu(CAS-RAS)*1 : th(BCLK-RAS) 
<1 1 Ons.min 


=>" 'e_ th(BCLK-CAS) 


| td(BCLK-CAS) -8ns.min 


25ns.max 


*1:It depends on operation frequency. 
tsu(CAS-RAS)=(tcyc/2-25)ns.min 


Measuring conditions 
* Vcc=3V+10% 
* Input timing voltage 
‘Determined with VIH=1.5V, VIL=0.5V 
* Output timing voltage 
‘Determined with VOH=1.5V, VOL=1.5V 


Figure 1.28.25. Vcc=3V timing diagram (11) 
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Mitsubishi microcomputers 


M16C/80 (100-pin version) group 
Timing (Vcc = 3V) SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


Vec =3V 


TAIIN input 


TAiOUT input 


TAiOUT input 
(Up/down input) 


During event counter mode 
TAIIN input 
(When count on falling th(Tin-UP) tsu(UP-Tin) 
edge is selected) 


TAIIN input 
(When count on rising 
edge is selected) 


TBIIN input 


ADTRG input 


TxDi 


RxDi 


INTi input 


Figure 1.28.26. Vcc=3V timing diagram (12) 
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Mitsubishi microcomputers 


M16C/80 (100-pin version) group 
Timing (Vcc = 3V) SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


Memory Expansion Mode and Microprocessor Mode Vcc = 3V 
(Valid only with wait) 


BCLK 


RD 
(Separate bus) 


WR, WRL, WRH 
(Separate bus) 


RD 
(Multiplexed bus) 


WR, WRL, WRH 
(Multiplexed bus) 


RDY input 


tsu(RDY-BCLK) th(BCLK-RDY) 


(Valid with or without wait) 


tsu(HOLD-BCLk) th(BCLK-HOLD) 


<> = | 


HOLD input 


HLDA output 


>< >< | 
PO, P1, P2, | | eee ta(@CLk-HLDA) 
P3, P4, 
P50 to P52 


Measuring conditions : 

¢ VCC=3V+10% 

¢ Input timing voltage : Determined with VIH=2.4V, VIL=0.6V 

¢ Output timing voltage : Determined with VOH=1.5V, VOL=1.5V 


Figure 1.28.27. Vcc=3V timing diagram (13) 
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Mitsubishi microcomputers 


M16C/80 (100-pin version) group 
Description (Flash Memory Version) SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


Outline Performance 
Table 1.29.1 shows the outline performance of the M16C/80 (flash memory version). 


Table 1.29.1. Outline Performance of the M16C/80 (flash memory version) 


Item Performance 


Power supply voltage 5V version: 
f(XIN)=20MHZ, without wait, 4.2V to 5.5V 
f(XIN)=10MHz, without wait, 2.7V to 5.5V 


Program/erase voltage 5V version: 4.2V to 5.5 V 
f(BCLK)=12.5MHz, with one wait 
f(BCLK)=6.25MHz, without wait 


Flash memory operation mode | Three modes (parallel I/O, standard serial I/O, CPU rewrite) 


Erase block | User ROM area See Figure 1.29.3 
division 


Boot ROM area One division (8 Kbytes) (Note 1) 


Program method In units of pages (in units of 256 bytes) 


Erase method Collective erase/block erase 


Program/erase control method | Program/erase control by software command 


Protect method Protected for each block by lock bit 


Number of commands 8 commands 


Program/erase count 100 times 


Data holding 10 years 


ROM code protect Parallel I/O and standard serial modes are supported. 


Note: The boot ROM area contains a standard serial I/O mode control program which is stored in 
it when shipped from the factory. This area can be erased and programmed in only parallel 
I/O mode. 
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Mitsubishi microcomputers 


M16C/80 (100-pin version) group 
Description (Flash Memory Version) SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


The following shows Mitsubishi plans to develop a line of M16C/80 products (flash memory version). 
(1) ROM capacity 
(2) Package 100P6S-A ... Plastic molded QFP 
100P6Q-A ... Plastic molded QFP 


ROM size 
(Bytes) 


ROM 


Flash memory version 


Figure 1.29.1. ROM Expansion 


The following lists the M16C/80 products to be supported in the future. 


Table 1.29.2. Product List As of June, 2000 


ROM capacity | RAM capacity Package type Remarks 
M30800FCFP 128 Kbytes 10 Kbytes 100P6S-A 
M30800FCGP 100P6Q-A 
M30803FGFP 100P6S-A 
M30803FGGP eee reyee: |, eens: | iogeeaek 


** : Under development 


Type No. M30800 MC -—- XXX FP 


Package type: 
FP :Package 100P6S-A 
GP :Package 100P6Q-A 


i ROM No. 
Omitted for blank external ROM version 
and flash memory version 


ROM capacity: 
C : 128K bytes 
G : 256K bytes 


Memory type: 
M : Mask ROM version 
S : External ROM version 
F : Flash memory version 


Shows RAM capacity, pin count, etc 
(The value itself has no specific meaning) 


M16C/80 Group 


M16C Family 


Figure 1.29.2. Type No., memory size, and package 


MITSUBISHI 
256 ee ELECTRIC 


Mitsubishi microcomputers 


M16C/80 (100-pin version) group 
Description (Flash Memory Version) SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


Flash Memory 
The M16C/80 (flash memory version) contains the flash memory that can be rewritten with a single voltage 
of 5 V. For this flash memory, three flash memory modes are available in which to read, program, and 
erase: parallel I/O and standard serial I/O modes in which the flash memory can be manipulated using a 
programmer and a CPU rewrite mode in which the flash memory can be manipulated by the Central Pro- 
cessing Unit (CPU). Each mode is detailed in the pages to follow. 
The flash memory is divided into several blocks as shown in Figure 1.29.3, so that memory can be erased 
one block at a time. Each block has a lock bit to enable or disable execution of an erase or program 
operation, allowing for data in each block to be protected. 
In addition to the ordinary user ROM area to store a microcomputer operation control program, the flash 
memory has a boot ROM area that is used to store a program to control rewriting in CPU rewrite and 
standard serial I/O modes. This boot ROM area has had a standard serial I/O mode control program stored 
in it when shipped from the factory. However, the user can write a rewrite control program in this area that 
suits the user’s application system. This boot ROM area can be rewritten in only parallel I/O mode. 


OFC000016 
Block 6 : 64K byte 


Flash memory | Flash memory 


OFDO000016 om ad 
Block 5 : 64K byte start agaress 


128Kbytes OFE000016 


256Kbytes OFC000016 


OFE000016 
Block 4 : 64K byte Note 1: The boot ROM area can be rewritten in 


only parallel input/output mode. (Access 
to any other areas is inhibited.) 
Note 2: To specify a block, use the maximum 


OFF000016 address in the block that is an even 
Block 3 : 32K byte address. 


OFF800016 
OFFA00016 


Block 2 : 8K byte 
Block 1 : 8K byte 


OFFC00016 |" Block 0 : 16K byte OFFE00016 ai bate 
OFFFFFF16 OFFFFEF16 


User ROM area Boot ROM area 


Figure 1.29.3. Block diagram of flash memory version 
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Mitsubishi microcomputers 


M16C/80 (100-pin version) group 
CPU Rewrite Mode (Flash Memory Version) SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


CPU Rewrite Mode 
In CPU rewrite mode, the on-chip flash memory can be operated on (read, program, or erase) under control 
of the Central Processing Unit (CPU). 
In CPU rewrite mode, only the user ROM area shown in Figure 1.29.3 can be rewritten; the boot ROM area 
cannot be rewritten. Make sure the program and block erase commands are issued for only the user ROM 
area and each block area. 
The control program for CPU rewrite mode can be stored in either user ROM or boot ROM area. In the CPU 
rewrite mode, because the flash memory cannot be read from the CPU, the rewrite control program must 
be transferred to any area other than the internal flash memory before it can be executed. 


Microcomputer Mode and Boot Mode 
The control program for CPU rewrite mode must be written into the user ROM or boot ROM area in 
parallel I/O mode beforehand. (If the control program is written into the boot ROM area, the standard 
serial /O mode becomes unusable.) 
See Figure 1.29.3 for details about the boot ROM area. 
Normal microcomputer mode is entered when the microcomputer is reset with pulling CNVSss pin low. In 
this case, the CPU starts operating using the control program in the user ROM area. 
When the microcomputer is reset by pulling the P55 pin low, the CNVSs pin high, and the P50 pin high, the 
CPU starts operating using the control program in the boot ROM area. This mode is called the “boot” 
mode. The control program in the boot ROM area can also be used to rewrite the user ROM area. 


Block Address 


Block addresses refer to the maximum even address of each block. These addresses are used in the 
block erase command, lock bit program command, and read lock status command. 
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Mitsubishi microcomputers 


M16C/80 (100-pin version) group 
CPU Rewrite Mode (Flash Memory Version) SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


Outline Performance (CPU Rewrite Mode) 
In the CPU rewrite mode, the CPU erases, programs and reads the internal flash memory as instructed by 
software commands. Operations must be executed from a memory other than the internal flash memory, 
such as the internal RAM. 
When the CPU rewrite mode select bit (bit 1 at address 037716) is set to “1”, transition to CPU rewrite mode 
occurs and software commands can be accepted. 
In the CPU rewrite mode, write to and read from software commands and data into even-numbered ad- 
dress (“O” for byte address AO) in 16-bit units. Always write 8-bit software commands into even-numbered 
address. Commands are ignored with odd-numbered addresses. 
Use software commands to control program and erase operations. Whether a program or erase operation 
has terminated normally or in error can be verified by reading the status register. 
Figure 1.30.1 shows the flash memory control register 0 and the flash memory control register 1. 
Bit 0 of the flash memory control register 0 is the RY/BY status flag used exclusively to read the operating 
status of the flash memory. During programming and erase operations, it is “O”. Otherwise, it is “1”. 
Bit 1 of the flash memory control register 0 is the CPU rewrite mode select bit. The CPU rewrite mode is 
entered by setting this bit to “1”, so that software commands become acceptable. In CPU rewrite mode, the 
CPU becomes unable to access the internal flash memory directly. Therefore, write bit 1 in an area other 
than the internal flash memory. To set this bit to “1”, it is necessary to write “O” and then write “1” in 
succession. The bit can be set to “O” by only writing a “O” . 
Bit 2 of the flash memory control register 0 is a lock bit disable bit. By setting this bit to “1”, it is possible to 
disable erase and write protect (block lock) effectuated by the lock bit data. The lock bit disable select bit 
only disables the lock bit function; it does not change the lock data bit value. However, if an erase operation 
is performed when this bit =“1”, the lock bit data that is “O” (locked) is set to “1” (unlocked) after erasure. To 
set this bit to “1”, it is necessary to write “O” and then write “1” in succession. This bit can be manipulated 
only when the CPU rewrite mode select bit = “1”. 
Bit 3 of the flash memory control register 0 is the flash memory reset bit used to reset the control circuit of 
the internal flash memory. This bit is used when exiting CPU rewrite mode and when flash memory access 
has failed. When the CPU rewrite mode select bit is “1”, writing “1” for this bit resets the control circuit. To 
release the reset, it is necessary to set this bit to “O”. 
Bit 5 of the flash memory control register 0 is a user ROM area select bit which is effective in only boot 
mode. If this bit is set to “1” in boot mode, the area to be accessed is switched from the boot ROM area to 
the user ROM area. When the CPU rewrite mode needs to be used in boot mode, set this bit to “1”. Note 
that if the microcomputer is booted from the user ROM area, it is always the user ROM area that can be 
accessed and this bit has no effect. When in boot mode, the function of this bit is effective regardless of 
whether the CPU rewrite mode is on or off. Use the control program except in the internal flash memory to 
rewrite this bit. 


Bit 3 of the flash memory control register 1 turns power supply to the internal flash memory on/off. When 
this bit is set to “1”, power is not supplied to the internal flash memory, thus power consumption can be 
reduced. However, in this state, the internal flash memory cannot be accessed. To set this bit to “1”, it is 
necessary to write “O” and then write “1” in succession. Use this bit mainly in the low speed mode (when 
XCIN is the block count source of BCLK). 

When the CPU is shifted to the stop or wait modes, power to the internal flash memory is automatically shut 
off. It is reconnected automatically when CPU operation is restored. Therefore, it is not particularly neces- 
sary to set flash memory control register 1. 
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Figure 1.30.2 shows a flowchart for setting/releasing the CPU rewrite mode. Figure 1.30.3 shows a flow- 
chart for shifting to the low speed mode. Always perform operation as indicated in these flowcharts. 


Flash memory control register 0 


b7 b6 b5 b4 b3 b2 bi b0 Symbol Address When reset 


XX Tol IT 1 FMRO 037716 XX0000012 


7 assole aso 0: Busy (being written or erased) O°! x 
1: Ready 
FMRO1_ | CPU rewrite mode 0: Normal mode 
select bit (Note 1) (Software commands invalid) 
1: CPU rewrite mode 
(Software commands acceptable) 


Lock bit disable bit 0: Block lock by lock bit data is 
FMRO2 y 
° (Note 2) enabled 
1: Block lock by lock bit data is 
disabled 
FMRO3_ | Flash memory reset bit | 0: Normal operation 
(Note 3) 1: Reset 
Reserved bit Must always be set to “O” Jol 


FMRO5_ | User ROM area select bit () 0: Boot ROM area is accessed 
Note 4) (Effective in only | 1: User ROM area is accessed 
boot mode) 


Nothing is assigned. 
When write, set "0". When read, values are indeterminate. 


: For this bit to be set to “1”, the user needs to write a “O” and then a “1” to it in 
succession. When it is not this procedure, it is not enacted in “1”. This is necessary to 
ensure that no interrupt or DMA transfer will be executed during the interval. Use the 
control program except in the internal flash memory for write to this bit. 

For this bit to be set to “1”, the user needs to write a “O” and then a “1” to it in succession 
when the CPU rewrite mode select bit = “1”. When it is not this procedure, it is not 
enacted in “1”. This is necessary to ensure that no interrupt or DMA transfer will be 
executed during the interval. 

Note 3: Effective only when the CPU rewrite mode select bit = 1. Set this bit to 0 subsequently 
after setting it to 1 (reset). 

Note 4: Use the control program except in the internal flash memory for write to this bit. 


Flash memory control register 1 
b7 b6 b5 b4 b3 b2 bi b0 


Fofofofol [ofofo]  eurr “0781 XXXKOXXX2 


Reserved bit Must always be set to “0” 


FMR13_ | Flash memory power 0: Flash memory power supply is 
supply-OF F bit (Note) connected 
1: Flash memory power supply-off 


Reserved bit Must always be set to “0” 


For this bit to be set to “1”, the user needs to write a “O” and then a “1” to it in 
succession. When it is not this procedure, it is not enacted in “1”. This is necessary to 
ensure that no interrupt or DMA transfer will be executed during the interval. Use the 
control program except in the internal flash memory for write to this bit. 

During parallel I/O mode,programming,erase or read of flash memory is not controlled by 
this bit,only by external pins. 


Figure 1.30.1. Flash memory control registers 
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Program in ROM Program in RAM 


Single-chip mode, memory expansion (Boot mode only) 
mode, or boot mode Set user ROM area select bit to “1” 
F Set CPU rewrite mode select bit to “1” (by 
bt Ocessermods negli Noie 1) writing “O” and then “1” in succession) (Note 2) 
Transfer CPU rewrite mode control Using software command execute erase, 
program to internal RAM program, or other operation 


(Set lock bit disable bit as required) 


Jump to transferred control program in RAM 
(Subsequent operations are executed by control 


program in this RAM) Execute read array command or reset flash 


memory by setting flash memory reset bit (by 
writing “1” and then “O” in succession) (Note 3) 


Write “O” to CPU rewrite mode select bit 


(Boot mode only) 
Write “O” to user ROM area select bit (Note 4) 


During CPU rewrite mode, set the main clock frequency as shown below using the main clock division 
register (address 000C 16): 

6.25 MHz or less when wait bit (bit 2 at address 000516) = “O” (without internal access wait state) 

12.5 MHz or less when wait bit (bit 2 at address 000516) = “1” (with internal access wait state) 

For CPU rewrite mode select bit to be set to “1”, the user needs to write a “O” and then a “1” to it in 
succession. When it is not this procedure, it is not enacted in “1”. This is necessary to ensure that no 
interrupt or DMA transfer will be executed during the interval. 

Before exiting the CPU rewrite mode after completing erase or program operation, always be sure to 
execute a read array command or reset the flash memory. 

“1” can be set. However, when this bit is “1”, user ROM area is accessed. 


Figure 1.30.2. CPU rewrite mode set/reset flowchart 
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Program in ROM Program in RAM 


Transfer the program to be executed in the Set flash memory power supply-OFF bit to “1” 
low speed mode, to the internal RAM. (by writing “O” and then “1” in succession) (Note 1) 


Jump to transferred control program in RAM Switch the count source of BCLK. 
(Subsequent operations are executed by control XIN stop. (Note 2) 


program in this RAM) 
a Process of low speed mode 7 


XIN oscillating - Wait until the XIN has stabilized 


+ Switch the count source of BCLK (Note 2) 
Set flash memory power supply-OFF bit to “O” 


Wait time until the internal circuit stabilizes 
(Set NOP instruction about twice) 


Note 1: For flash memory power supply-OFF bit to be set to “1”, the user needs to write a “O” and then a “1” to it in 
succession. When it is not this procedure, it is not enacted in “1”. This is necessary to ensure that no 
interrupt or DMA transfer will be executed during the interval. 

Note 2: Before the count source for BCLK can be changed from XIN to XCIN or vice versa, the clock to which 
the count source is going to be switched must be oscillating stably. 


Figure 1.30.3. Shifting to the low speed mode flowchart 
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Precautions on CPU Rewrite Mode 
Described below are the precautions to be observed when rewriting the flash memory in CPU rewrite 
mode. 

(1) Operation speed 
During CPU rewrite mode, set the main clock frequency as shown below using the main clock division 
register (address 000C16): 
6.25 MHz or less when wait bit (bit 2 at address 000516) = 0 (without internal access wait state) 
12.5 MHz or less when wait bit (bit 2 at address 000516) = 1 (with internal access wait state) 

(2) Instructions inhibited against use 
The instructions listed below cannot be used during CPU rewrite mode because they refer to the 
internal data of the flash memory: 
UND instruction, INTO instruction, JMPS instruction, JSRS instruction, and BRK instruction 

(3) Interrupts inhibited against use 
The address match interrupt cannot be used during CPU rewrite mode because they refer to the 
internal data of the flash memory. If interrupts have their vector in the variable vector table, they can be 
used by transferring the vector into the RAM area. The NMI and watchdog timer interrupts each can 
be used to change the flash memory’s operation mode forcibly to read array mode upon occurrence of 
the interrupt. Since the rewrite operation is halted when the NMI and watchdog timer interrupts occur, 
the erase/program operation needs to be performed over again. 
Disabling erase or rewrite operations for address FC00016 to address FFFFF ‘16 in the user ROM block 
disables these operations for all subsequent blocks as well. Therefore, it is recommended to rewrite 
this block in the standard serial I/O mode. 

(4) Reset 
Reset input is always accepted. 

(5) Access disable 
Write CPU rewrite mode select bit, flash memory power supply-OFF bit and user ROM area select bit 
in an area other than the internal flash memory. 

(6) How to access 
For CPU rewrite mode select bit, lock bit disable bit, and flash memory power supply-OFF bit to be set 
to “1”, the user needs to write a “0” and then a “1” to it in succession. When it is not this procedure, it 
is not enacted in “1”. This is necessary to ensure that no interrupt or DMA transfer will be executed 
during the interval. 
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Software Commands 
Table 1.30.1 lists the software commands available with the M16C/62A (flash memory version). 
After setting the CPU rewrite mode select bit to 1, write a software command to specify an erase or 
program operation. Note that when entering a software command, the upper byte (D8 to D15) is ignored. 
The content of each software command is explained below. 


Table 1.30.1. List of software commands (CPU rewrite mode) 


First bus cycle Second bus cycle Third bus cycle 


Command Data Data Data 
Address | (Do to Dz)|_ Mode | Address | (p9 to D7) | Mode | Address | (po to Dz) 


Read array X (Note 6) 


Read status register x SRD (Note 2) 


Clear status register 


Page program (Note 3) WAO (Note 3)} WDO (Note 3) 


Block erase BA (Note 4) | DO16 


Erase all unlock block Xx D016 


Lock bit program BA D016 


Read lock bit status BA De (Note 5) 


Note 1: When a software command is input, the high-order byte of data (Ds to D15) is ignored. 

Note 2: SRD = Status Register Data 

Note 3: WA = Write Address, WD = Write Data 
WA and WD must be set sequentially from 0016 to FE16 (byte address; however, an even address). The page size is 
256 bytes. 

Note 4: BA = Block Address (Enter the maximum address of each block that is an even address.) 

Note 5: De corresponds to the block lock status. Block not locked when De = 1, block locked when De = 0. 

Note 6: X denotes a given address in the user ROM area (that is an even address). 


Read Array Command (FF16) 
The read array mode is entered by writing the command code “FF 16” in the first bus cycle. When an 
even address to be read is input in one of the bus cycles that follow, the content of the specified 
address is read out at the data bus (Do—D15), 16 bits at a time. 
The read array mode is retained intact until another command is written. 


Read Status Register Command (7016) 
When the command code “7016” is written in the first bus cycle, the content of the status register is 
read out at the data bus (Do—D7) by a read in the second bus cycle. 
The status register is explained in the next section. 


Clear Status Register Command (5016) 
This command is used to clear the bits SR3 to 5 of the status register after they have been set. These 
bits indicate that operation has ended in an error. To use this command, write the command code 
“5016” in the first bus cycle. 
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Page Program Command (4116) 
Page program allows for high-speed programming in units of 256 bytes. Page program operation 
starts when the command code “4116” is written in the first bus cycle. In the second bus cycle through 
the 129th bus cycle, the write data is sequentially written 16 bits at a time. At this time, the addresses 
Ao-A7 need to be incremented by 2 from “0016” to “FE16.” When the system finishes loading the data, 
it starts an auto write operation (data program and verify operation). 
Whether the auto write operation is completed can be confirmed by reading the status register or the 
flash memory control register 0. At the same time the auto write operation starts, the read status 
register mode is automatically entered, so the content of the status register can be read out. The 
status register bit 7 (SR7) is set to 0 at the same time the auto write operation starts and is returned to 
1 upon completion of the auto write operation. In this case, the read status register mode remains 
active until the Read Array command (FF 16) or Read Lock Bit Status command (7116) is written or the 
flash memory is reset using its reset bit. 
The RY/BY status flag of the flash memory control register 0 is 0 during auto write operation and 1 
when the auto write operation is completed as is the status register bit 7. 
After the auto write operation is completed, the status register can be read out to know the result of the 
auto write operation. For details, refer to the section where the status register is detailed. 
Figure 1.30.4 shows an example of a page program flowchart. 
Each block of the flash memory can be write protected by using a lock bit. For details, refer to the 
section where the data protect function is detailed. 
Additional writes to the already programmed pages are prohibited. 


Check full status 


Page program 
completed 


Figure 1.30.4. Page program flowchart 
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Block Erase Command (2016/D016) 
By writing the command code “2016” in the first bus cycle and the confirmation command code “D016” 
in the second bus cycle that follows to the block address of a flash memory block, the system initiates 
an auto erase (erase and erase verify) operation. 
Whether the auto erase operation is completed can be confirmed by reading the status register or the 
flash memory control register 0. At the same time the auto erase operation starts, the read status 
register mode is automatically entered, so the content of the status register can be read out. The 
status register bit 7 (SR7) is set to 0 at the same time the auto erase operation starts and is returned 
to 1 upon completion of the auto erase operation. In this case, the read status register mode remains 
active until the Read Array command (FF 16) or Read Lock Bit Status command (7116) is written or the 
flash memory is reset using its reset bit. 
The RY/BY status flag of the flash memory control register 0 is 0 during auto erase operation and 1 
when the auto erase operation is completed as is the status register bit 7. 
After the auto erase operation is completed, the status register can be read out to know the result of 
the auto erase operation. For details, refer to the section where the status register is detailed. 
Figure 1.30.5 shows an example of a block erase flowchart. 
Each block of the flash memory can be protected against erasure by using a lock bit. For details, refer 
to the section where the data protect function is detailed. 


Write 2016 


Write D016 
Block address 


RY/BY status flag 


YES 


Check full status check 
Block erase 
completed 


Figure 1.30.5. Block erase flowchart 
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Erase All Unlock Blocks Command (A716/D016) 
By writing the command code “A716” in the first bus cycle and the confirmation command code “D016” 
in the second bus cycle that follows, the system starts erasing blocks successively. 
Whether the erase all unlock blocks command is terminated can be confirmed by reading the status 
register or the flash memory control register 0, in the same way as for block erase. Also, the status 
register can be read out to know the result of the auto erase operation. 
When the lock bit disable bit of the flash memory control register 0 = 1, all blocks are erased no matter 
how the lock bit is set. On the other hand, when the lock bit disable bit = 0, the function of the lock bit 
is effective and only nonlocked blocks (where lock bit data = 1) are erased. 


Lock Bit Program Command (7716/D016) 
By writing the command code “7716” in the first bus cycle and the confirmation command code “D016” 
in the second bus cycle that follows to the block address of a flash memory block, the system sets the 
lock bit for the specified block to 0 (locked). 
Figure 1.30.6 shows an example of a lock bit program flowchart. The status of the lock bit (lock bit 
data) can be read out by a read lock bit status command. 
Whether the lock bit program command is terminated can be confirmed by reading the status register 
or the flash memory control register 0, in the same way as for page program. 
For details about the function of the lock bit and how to reset the lock bit, refer to the section where the 
data protect function is detailed. 


Write 7716 
Write D016 
block address 


RY/BY status flag 
=? 


Lock bit program in 
error 


YES 


Lock bit program 
completed 
Figure 1.30.6. Lock bit program flowchart 
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Read Lock Bit Status Command (7116) 
By writing the command code “7116” in the first bus cycle and then the block address of a flash 
memory block in the second bus cycle that follows, the system reads out the status of the lock bit of 
the specified block on to the data (D6). 
Figure 1.30.7 shows an example of a read lock bit program flowchart. 


Write 7116 
Enter block address 


YES 
Blocks locked Blocks not locked 


Figure 1.30.7. Read lock bit status flowchart 
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Data Protect Function (Block Lock) 
Each block in Figure 1.29.3 has a nonvolatile lock bit to specify that the block be protected (locked) 
against erase/write. The lock bit program command is used to set the lock bit to 0 (locked). The lock bit of 
each block can be read out using the read lock bit status command. 
Whether block lock is enabled or disabled is determined by the status of the lock bit and how the flash 
memory control register 0’s lock bit disable bit is set. 
(1) When the lock bit disable bit = 0, a specified block can be locked or unlocked by the lock bit status 
(lock bit data). Blocks whose lock bit data = 0 are locked, so they are disabled against erase/write. 
On the other hand, the blocks whose lock bit data = 1 are not locked, so they are enabled for erase/ 
write. 
(2) When the lock bit disable bit = 1, all blocks are nonlocked regardless of the lock bit data, so they are 
enabled for erase/write. In this case, the lock bit data that is 0 (locked) is set to 1 (nonlocked) after 
erasure, so that the lock bit-actuated lock is removed. 


Status Register 


The status register indicates the operating status of the flash memory and whether an erase or program 
operation has terminated normally or in an error. The content of this register can be read out by only 
writing the read status register command (7016). Table 1.30.2 details the status register. 

The status register is cleared by writing the Clear Status Register command (5016). 

After a reset, the status register is set to “8016.” 

Each bit in this register is explained below. 


Write state machine (WSM) status (SR7) 
After power-on, the write state machine (WSM) status is set to 1. 
The write state machine (WSM) status indicates the operating status of the device, as for output on the 
RY/BY pin. This status bit is set to 0 during auto write or auto erase operation and is set to 1 upon 
completion of these operations. 


Erase status (SR5) 
The erase status informs the operating status of auto erase operation to the CPU. When an erase 
error occurs, it is set to 1. 
The erase status is reset to 0 when cleared. 


MITSUBISHI 
= ELECTRIC 269 


Mitsubishi microcomputers 


M16C/80 (100-pin version) group 
CPU Rewrite Mode (Flash Memory Version) SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


Program status (SR4) 
The program status informs the operating status of auto write operation to the CPU. When a write 
error occurs, it is set to 1. 
The program status is reset to 0 when cleared. 
When an erase command is in error (which occurs if the command entered after the block erase 
command (2016) is not the confirmation command (D016), both the program status and erase status 
(SR5) are set to 1. 
When the program status or erase status = 1, the following commands entered by command write are 
not accepted. 


Also, in one of the following cases, both SR4 and SR5 are set to 1 (command sequence error): 
(1) When the valid command is not entered correctly 
(2) When the data entered in the second bus cycle of lock bit program (7716/D016), block erase 
(2016/D016), or erase all unlock blocks (A716/D016) is not the D016 or FF16. However, if FF16 is 
entered, read array is assumed and the command that has been set up in the first bus cycle is 
canceled. 


Block status after program (SR3) 
If excessive data is written (phenomenon whereby the memory cell becomes depressed which results 
in data not being read correctly), “1” is set for the program status after-program at the end of the page 
write operation. In other words, when writing ends successfully, “8016” is output; when writing fails, 
“9016” is output; and when excessive data is written, “8816” is output. 


Table 1.30.2. Definition of each bit in status register 


Each bit of Definition 
Status name 


Write state machine (WSM) status Ready Busy 


Reserved 7 = 


Erase status Terminated in error | Terminated normally 


Program status Terminated in error | Terminated normally 


Block status after program Terminated in error | Terminated normally 


Reserved 


Reserved 


Reserved 
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Full Status Check 


By performing full status check, it is possible to know the execution results of erase and program 
operations. Figure 1.30.8 shows a full status check flowchart and the action to be taken when each 


error OCCUrs. 


Read status register 


Program error (page |. 
or lock bit) 


Program error 
(block) 


YES 


End (block erase, program) 


Execute the clear status register command (5016) 

” “to clear the status register. Try performing the 
operation one more time after confirming that the 
command is entered correctly. 


. . Should a block erase error occur, the block in error 
cannot be used. 


- - Execute the read lock bit status command (7116) to 
see if the block is locked. After removing lock, 
execute write operation in the same way. If the 
error still occurs, the page in error cannot be used. 


After erasing the block in error, execute write 
operation one more time. If the same error still 
occurs, the block in error cannot be used. 


Note: When one of SR5 to SR3 is set to 1, none of the page program, block erase, erase all unlock 
blocks and lock bit program commands is accepted. Execute the clear status register command 


(5016) before executing these commands. 


Figure 1.30.8. Full status check flowchart and remedial procedure for errors 
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Functions To Inhibit Rewriting Flash Memory Version 
To prevent the contents of the flash memory version from being read out or rewritten easily, the device 
incorporates a ROM code protect function for use in parallel I/O mode and an ID code check function for 
use in standard serial I/O mode. 


ROM code protect function 
The ROM code protect function reading out or modifying the contents of the flash memory version by 
using the ROM code protect control address (OFFFFFF 16) during parallel I/O mode. Figure 1.31.1 shows 
the ROM code protect control address (OFFFFFF 16). (This address exists in the user ROM area.) 
If one of the pair of ROM code protect bits is set to 0, ROM code protect is turned on, so that the contents 
of the flash memory version are protected against readout and modification. ROM code protect is imple- 
mented in two levels. If level 2 is selected, the flash memory is protected even against readout by a 
shipment inspection LSI tester, etc. When an attempt is made to select both level 1 and level 2, level 2 is 
selected by default. 
If both of the two ROM code protect reset bits are set to “OO,” ROM code protect is turned off, so that the 
contents of the flash memory version can be read out or modified. Once ROM code protect is turned on, 
the contents of the ROM code protect reset bits cannot be modified in parallel I/O mode. Use the serial I/ 
O or some other mode to rewrite the contents of the ROM code protect reset bits. 


ROM code protect control address 
b7 b6 b5 b4 b3 b2 b1 b0 Symbol Address When reset 


RRR RRRon ROMCP OFFFFFF16 FFi6 
|| || | | [arene inane ——Finaion 


...L| Reserved bit Always set this bit to 1. 


b3 b2 
Roope [PON ot (Nolo 2). | 00: Protect enabled 
; 01: Protect enabled 
10: Protect enabled 
11: Protect disabled 
b5 b4 
ROMCR a a protect reset | 99: Protect removed 
pees) 01: Protect set bit effective 
10: Protect set bit effective 
11: Protect set bit effective 
b7 b6 
ROMCP1 sak ae reve 00: Protect enabled 
01: Protect enabled 
10: Protect enabled 
11: Protect disabled 


Note 1: When ROM code protect is turned on, the on-chip flash memory is protected against 
readout or modification in parallel input/output mode. 

Note 2: When ROM code protect level 2 is turned on, ROM code readout by a shipment 
inspection LSI tester, etc. also is inhibited. 

Note 3: The ROM code protect reset bits can be used to turn off ROM code protect level 1 and 
ROM code protect level 2. However, since these bits cannot be changed in parallel input/ 
output mode, they need to be rewritten in serial input/output or some other mode. 


Figure 1.31.1. ROM code protect control address 
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ID Code Check Function 
Use this function in standard serial I/O mode. When the contents of the flash memory are not blank, the ID 
code sent from the peripheral unit is compared with the ID code written in the flash memory to see if they 
match. If the ID codes do not match, the commands sent from the peripheral unit are not accepted. The ID 
code consists of 8-bit data, the areas of which, beginning with the first byte, are OFFFFDF 16, OFFFFE316, 
OFFFFEB16, OFFFFEF 16, OFFFFF316, OFFFFF716, and OFFFFFB16. Write a program which has had the 
ID code preset at these addresses to the flash memory. 


OFFFFDCi6 to OFFFFDF16 | ID1: Undefined instruction vector 


OFFFFE016 to OFFFFE316 ID2! Overflow vector 


OFFFFE416 to OFFFFE716 
OFFFFE816 to OFFFFEBis | ID3: Address match vector 
OFFFFEC16 to OFFFFEF16 
OFFFFFO016 to OFFFFF316 ID5! Watchdog timer vector 
OFFFFF416 to OFFFFF716 


OFFFFF816 to OFFFFFB16 ID7: NMI vector 


OFFFFFCi16 to OFFFFFF16 Reset vector 


Nu = TY 
4 bytes 


Figure 1.31.2. ID code store addresses 
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Parallel I/O Mode 
In this mode, the M16C/80 (flash memory version) operates in a manner similar to the flash memory 
M5M29FB/T800 from Mitsubishi. Since there are some differences with regard to the functions not avail- 
able with the microcomputer and matters related to memory capacity, the M16C/80 cannot be programed 
by a programer for the flash memory. 
Use an exclusive programer supporting M16C/80 (flash memory version). 
Refer to the instruction manual of each programer maker for the details of use. 


User ROM and Boot ROM Areas 


In parallel I/O mode, the user ROM and boot ROM areas shown in Figure 1.29.3 can be rewritten. Both 
areas of flash memory can be operated on in the same way. 

Program and block erase operations can be performed in the user ROM area. The user ROM area and its 
blocks are shown in Figure 1.29.3. 

The boot ROM area is 8 Kbytes in size. In parallel I/O mode, it is located at addresses OFFE00016 through 
OFFFFFF16. Make sure program and block erase operations are always performed within this address 
range. (Access to any location outside this address range is prohibited.) 

In the boot ROM area, an erase block operation is applied to only one 8 Kbyte block. The boot ROM area 
has had a standard serial I/O mode control program stored in it when shipped from the Mitsubishi factory. 
Therefore, using the device in standard serial input/output mode, you do not need to write to the boot 
ROM area. 
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Pin functions (Flash memory standard serial I/O mode) 


Voc,Vss 


Power input 


Description 


Apply 4.2V to 5.5V to Vcc pin and 0 V to Vss pin. 


CNVss 


CNVss 


Connect to Vcc pin. 


RESET 


Reset input 


Reset input pin. While reset is "L" level, a 20 cycle or longer clock 
must be input to XIN pin. 


XIN 


Clock input 


XOUT 


Clock output 


Connect a ceramic resonator or crystal oscillator between XIN 
and XOUT pins. To input an externally generated clock, input it 
to XIN pin and open XOUT pin. 


BYTE 


BYTE 


Connect this pin to Vcc or Vss. 


AVcc, AVSs 


Analog power supply input 


Connect AVSS to Vss and AVcc to Vcc, respectively. 


VREF 


Reference voltage input 


Enter the reference voltage for A-D converter from this pin. 


P0Oo to P07 


Input port PO 


Input "H" or "L" level signal or open. 


P10 to P17 


Input port P1 


Input "H" or "L" level signal or open. 


P20 to P27 


Input port P2 


Input "H" or "L" level signal or open. 


P30 to P37 


Input port P3 


Input "H" or "L" level signal or open. 


P40 to P47 


Input port P4 


Input "H" or "L" level signal or open. 


P51 to P54, 


Input port P5 


EPM input 


Input "H" or "L" level signal or open. 


Input "L" level signal. 


Input port P6 


TxD output 


Input "H" or "L" level signal or open. 


Standard serial mode 1: BUSY signal output pin 
Standard serial mode 2: Monitors the program operation check 


Standard serial mode 1: Serial clock input pin 
Standard serial mode 2: Input "L" level signal. 


Serial data output pin 


P70 to P77 


Input port P7 


Input "H" or "L" level signal or open. 


P80 to P84, P86, 


Input port P8 


NMI input 


Input "H" or "L" level signal or open. 


Connect this pin to Vcc. 


P90 to P97 


Input port P9 


Input "H" or "L" level signal or open. 


P100 to P107 


Input port P10 


Input "H" or "L" level signal or open. 
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Mode setting 


Value 


Vss >> Voc 
Vec 


SSAV 
<> INW/0ld 

76 | He ZNV/Z0ld 

16] —e- H/SNV/S01.d 


OA 


~=q— Jay) 


~~ 90X1S/710S/70Xu/94L.0W/46d 


66 | ~—a 


—t ONV/90Id 


~—a €NV/E0ld 
66 | <-> O1M/PNV/P0 1d 


~—t 


06 | ~<a 2]/9NV/901.d 
68 | ~<a €)/4NV/Z0 Ld 


88 | ~<a 00/00d 
28 | ~<a 1/!0d 
98 | ew 20/20d 
S8 | ~<a £/£0d 
8 | <> 70/70d 
€8 | <a SQ/S0d 
28 |] <a 90/90d 
18] ~<a 40/40d 


P96/ANEX1/TxD4/SDA4/SRxD4 

P95/ANEX0/CLK4 

P94/DA1/TB4in/CTS4/RTS4/SS4 
P93/DAo/TB3in/CTS3/RTS3/SS3 
P92/TB2in/TxD3/SDA3/SRxD3 
P91/TB11N/RxD3/SCL3/STxD3 

P90/TBOIN/CLK3 

BYTE 

CNVss 
P87/XcIN 

P86/XcouT 


RESET 


XOuUT 
—— Vss 


—#e Pi0/Ds 
P11/Dg 
P12/D10 
P13/D11 
P14/D12 
P15/D13/INT3 
P16/D14/INT4 
P17/D1s/INT5 
P20/Ao(/Do) 
P21/A1(/D1) 
P22/A2(/D2) 
P23/A3(/D3) 
P24/A4(/D4) 
P25/A5(/Ds) 

) 
) 


O 
o 


isles|leq|irsjesjos|zg[eq|[sglod|idfed|ed[rq|sdlod|udedjedjod|t-d[ed[ed|rd|[sd|foddledjedjoq 


M16C/80(100-pin) Group 
Flash Memory Version 
(100P6S) 


12 ||19S0 


P26/A6(/De 
P27/A7(/D7 
Vss ——————-® 
P30/As(MAO0)(/Ds) 
Vec 
P31/A9(MA1)(/Dg) 
P32/A10(MA2)(/D10) 
P33/A11(MA3)(/D11) 
P34/A12(MA4)(/D12) 
P35/A13(MAS5)(/D13) 
P36/A14(MA6)(/D14) 
P37/A15(MA7)(/D15) 
(MA8) 
(MA9) 
( 
( 


oO XIN 
Vcc 

P85/NMI 

P84/INT2 

P83/INT1 

P82/INTo 

P81/TA4in/U 

P80/TA4ouT/U 

P77/TASIN 

P76/TA3oOuT 

P75/TA2in/W 

P74/TA2ouT/W 
P73/CTS2/RTS2/TA1IN/V 
P72/CLK2/TA10uT/V 
P71/RxD2/SCL2/TAOIN/TB5IN 
P70/TxD2/SDA2/TAOouT 


uo! 


@-@ 


P40/A16(MA8 
P41/A17(MA9Q 
P42/A18(MA10) 
P43/A19(MA11) 


oelfeq [24 [2a od |sd rdfedfedfid ode Bu [zAod[sdledediedh dod 6] 8] Z]/9][ sv] ele 


@ 


LOXL/49d ~<a [TE] 
OeW/ESO/ryd ~<t [05] 


OOXL/E9d —q-pe [SE 


0Y10/'9d <p [ZE 
OS LH/9S1LO/09d ~<a [BE 


AQu/4Sd ~<a [6 


SVXY/A1V/9Sd ~<a [07 


C1OH/SSd —<g-p [17 


FIWNVCI1H/*Sd ~<a [27 


41NOY190/41W/M108/2Sd <a [67 | 


HSV9/SHE/HYEM/'!Sd ~<a [SP 


1N10/39d ape [EE] 


KSMTO/PSLO/FSLY/!S.LO/?9d <q [PE 


1OXY/99d —a [Zé 
00XY/29d ~<a [9E 


leW/@SO/Shd ~<a [67 


£2V/0SO/4bd ~<a [27 
22Y//LSO/9hd <> [87 


MO/CHESd <a [FF 
TSVO/EMTHMV0Sd ea [87 


(LWW) 


Figure 1.32.1. Pin connections for serial I/O mode (1) 
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Mode setting 
Signal Value 
CNVss Vec 
—PM Vss 
RESET Vss >> Vec 
CE Ver 


SSAV 
old/eld 


01] <> *1190/0XANV/S6d 
66 | —t 7OXYS/PVOS/POXL/ LXANVW/96d 


6 _| 7X LS/P10S/POXd/9¥L0V/46d 


16] > env/e0ld 

(06 | <> OI W/PNV/POLd 
68 | <*> L/SNV/S0 Ld 
88 | <t > zZIy/9NV/90Ld 
28 | <P S)y/ANV/ZOLd 


bs |] <= 0g/00d 
18 | — sq/50d 
08 | —<t 94/904 


92 | <a 
JF 


66] <> oNVv/001ld 
v6 | ~<a 

6 | < INV/HOLd 
6] = enV 201d 


68 ] =< ig/l0d 
r8 | —<t- zq/20d 
ks] + eq/e0d 
B42] eqold 
Z| =< eq/ita 


P94/DA1/TB4in/CTS4/RTS4/SS4 
P93/DAo/TB3in/CTS3/RTS3/SS3 
P92/TB2in/TxD3/SDA3/SRxD3 
P91/TB11N/RxD3/SCL3/STxD3 
P90/TBOIn/CLK3 

BYTE 

CNVss 

P87/XcIN 

P86/XcouT 

RESET 

XOUT 

Vss 


P13/D11 
P14/D12 
P1s/Di3/INT3 
Pte/D14/INT4 
P17/D1s/INT5 
P20/Ao(/Do) 
P21/A1(/D1) 
P22/A2(/D2) 
P23/A3(/D3) 
P24/A4(/D4) 
) 
) 
) 


O 


P25/As(/Ds5 
P2e6/A6(/De 
P27/A7(/D7 
Vss ———_———_—_® 
P30/As(MAO)(/Ds) 
Vec 
P31/A9(MA1)(/D9) 
P32/A10(MA2)(/D10) 
P33/A11(MA3)(/D11) 
P34/A12(MA4)(/D12) 
P35/A13(MAS)(/D13) 
P36/A14(MA6)(/D14) 

(MA7)( 

( 

( 


M16C/80(100-pin) Group 
Flash Memory Version 
(100P6Q) 


uolye||loSo 


P80/TA40uT/U <tt> 
P77/TASIN <1 

P76/TASOuT —t+ 
P75/TA2IN/‘W ~<t— 
____P74/TA2ouT/W ~<H 
P73/CTS2/RTS2/TAIINV =< 


P37/A15(MA7)(/D15) 
P40/A16(MA8) 
P41/A17(MAQ) 


sles[es|fs]é5]bs]L-s] 8s] bs]boo|]:9|eo| 9] fro] ko] bo] Lolo] bo] pz][i | ez|fez|b] hz! 


kalbaledklhalbalb le illo eb lee lh Wolfe ellz los Ire lel 


O 


Le 


!SMTO/PSLO/!S.LY/!SLO/P9d ~<t- [Zé 
ve 


0M10/!9d ~te [SE 


OS LH/0S19/09d ~—t-+ [96 


Ze 


SVY/A1V/9Gd —t [8E 


v 
[er] 


[zl 


(ZLVW)0zV/ESO/rbd ~<tH [8H] 


LEP | 


ISVO/UM/IYM Sd <t [07] 


62 
oe 


92 
Ze 


LQXxX1/49qd = 
1QXY/99d =i 
L109 /69d <= 
OdXL/E9d ~t+ [ee 
0QXH/29d ~=t> 
ACH//Gd <> 
ezv/OSO/4rd —t- [SP] 
zV/LSOSrd —t [97 


Md/dY/Sd << 
HSVO/SH8/HYMW/'Sd < 
lev/2SO/Std <> 


FWMOIH/*Sd <tHe [07] 


LNOMTO/ATWOITOg/eSd tH [17] 
(LLVIN/SIV/erd —<t [60] 
(OLVW)/8tV/2rd + [05] 


A/LNOLWL/EIO/2#Ld 


NIGQL/NIOVL/Z10S/20Xd/!Ld << 
LNOOVL/ZVAS/2Z0XL/0Ld + [82 


Figure 1.32.2. Pin connections for serial I/O mode (2) 
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Standard serial I/O mode 
The standard serial I/O mode inputs and outputs the software commands, addresses and data needed to 
operate (read, program, erase, etc.) the internal flash memory. This I/O is serial. There are actually two 
standard serial I/O modes: mode 1, which is clock synchronized, and mode 2, which is asynchronized. Both 
modes require a purpose-specific peripheral unit. 


The standard serial I/O mode is different from the parallel I/O mode in that the CPU controls flash memory 
rewrite (uses the CPU's rewrite mode), rewrite data input and so forth. It is started when the reset is re- 
leased, which is done when the P50 (CE) pin is "H" level, the P55 (EPM) pin "L" level and the CNVss pin "H" 
level. (In the ordinary command mode, set CNVss pin to "L" level.) 

This control program is written in the boot ROM area when the product is shipped from Mitsubishi. Accord- 
ingly, make note of the fact that the standard serial I/O mode cannot be used if the boot ROM area is 
rewritten in the parallel I/O mode. Figures 1.32.1 and 1.32.2 show the pin connections for the standard 
serial |/O mode. Serial data I/O uses UART1 and transfers the data serially in 8-bit units. Standard serial |/ 
O switches between mode 1 (clock synchronized) and mode 2 (clock asynchronized) according to the level 


of CLK1 pin when the reset is released. 


To use standard serial I/O mode 1 (clock synchronized), set the CLK1 pin to "H" level and release the reset. 
The operation uses the four UART1 pins CLK1, RxD1, TxD1 and RTS1 (BUSY). The CLK1 pin is the transfer 
clock input pin through which an external transfer clock is input. The TxD1 pin is for CMOS output. The 
RTS1 (BUSY) pin outputs an "L" level when ready for reception and an "H" level when reception starts. 


To use standard serial I/O mode 2 (clock asynchronized), set the CLK1 pin to "L" level and release the 
reset. The operation uses the two UART1 pins RxD1 and TxD1. 


In the standard serial I/O mode, only the user ROM area indicated in Figure 1.32.19 can be rewritten. The 
boot ROM cannot. 

In the standard serial I/O mode, a 7-byte ID code is used. When there is data in the flash memory, com- 
mands sent from the peripheral unit (programmer) are not accepted unless the ID code matches. 
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Overview of standard serial I/O mode 1 (clock synchronized) 
In standard serial I/O mode 1, software commands, addresses and data are input and output between the 
MCU and peripheral units (serial programer, etc.) using 4-wire clock-synchronized serial I/O (UART1). 
Standard serial I/O mode 1 is engaged by releasing the reset with the P56 (CLK1) pin "H" level. 
In reception, software commands, addresses and program data are synchronized with the rise of the trans- 
fer clock that is input to the CLK1 pin, and are then input to the MCU via the RxD1 pin. In transmission, the 
read data and status are synchronized with the fall of the transfer clock, and output from the TxD1 pin. 
The TxD1 pin is for CMOS output. Transfer is in 8-bit units with LSB first. 
When busy, such as during transmission, reception, erasing or program execution, the RTS1 (BUSY) pin is 
"H" level. Accordingly, always start the next transfer after the RST1 (BUSY) pin is "L" level. 
Also, data and status registers in memory can be read after inputting software commands. Status, such as 
the operating state of the flash memory or whether a program or erase operation ended successfully or not, 
can be checked by reading the status register. Here following are explained software commands, status 
registers, etc. 
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Software Commands 
Table 1.32.1 lists software commands. In the standard serial I/O mode 1, erase operations, programs and 
reading are controlled by transferring software commands via the RxD1 pin. Software commands are 
explained here below. 


Table 1.32.1. Software commands (Standard serial I/O mode 1) 


1st byte When ID is 
Control command transfer| 27d byte); 3rd byte | 4th byte | Sth byte | 6th byte not vetitied 
p d Address | Address Data Data Data Data Not 
a FF16 | (middle) | (high) | output | output | output | output to | acceptable 
259th byte 
p Address | Address Data Data Data |Data input Not 
age program 4116 | (middle) | (high) input input | input | to 259th | acceptable 
byte 
Bisse Address | Address D016 Not 
OCK erase 2016 | (middle) (high) acceptable 
Erase all unlocked blocks A716 owe ne 
‘ SRD SRD1 Acceptable 
Read status register 7016 | output output 
: Not 
Clear status register 5016 acceptable 
Besdifece bikdiat Address | Address | Lock bit Not 
caer al erat 7116 | (middle) | (high) data acceptable 
output 
iBeleBit Address | Address D016 Not 
Obr Bie Pregtell 7716 | (middle) | (high) acceptable 
' Not 
Lock bit enable 7A16 acceptable 
Lock bit disable 7516 ene 
' ' Address | Address | Address 
Code processing function F516 (low) (middle) | (high) ID size} ID1 To ID7 | Acceptable 
D ead funeti Size Check- To Not 
eipeee een FA16 |Size (low) | (high) sum Data [required acceptable 
input | number 
of times 
Versmnaat cod quneil Version | Version | Version | Version | Version | Version 
STsiOn Gata OUIPULTUNCHON | F516. data data data data data Acceptable 
output output output | output | output | output to 
9th byte 
Boot ROM t Address | Address Data Data Data Data Not 
oot area outpu FC16 | (middle) | (high) | output | output | output | outputto | acceptable 
function 259th 
byte 
Check Check Not 
Read check data FD16 |data (low)| data acceptable 
(high) 


Note 1: Shading indicates transfer from flash memory microcomputer to peripheral unit. All other data is trans- 
ferred from the peripheral unit to the flash memory microcomputer. 

Note 2:SRD refers to status register data. SRD1 refers to status register 1 data. 

Note 3:All commands can be accepted when the flash memory is totally blank. 
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Page Read Command 
This command reads the specified page (256 bytes) in the flash memory sequentially one byte at a 
time. Execute the page read command as explained here following. 
(1) Transfer the “FF16” command code with the 1st byte. 
(2) Transfer addresses As to A15 and A16 to A23 with the 2nd and 3rd bytes respectively. 
(3) From the 4th byte onward, data (Do—D7) for the page (256 bytes) specified with addresses As to 
A23 will be output sequentially from the smallest address first in sync with the rise of the clock. 


(M16C reception data) Ai5 A23 
TxD1 
(M16C transmit data) (datao { }) data255 
RTS1(BUSY) 


Figure 1.32.3. Timing for page read 


Read Status Register Command 
This command reads status information. When the “7016” command code is sent with the 1st byte, the 
contents of the status register (SRD) specified with the 2nd byte and the contents of status register 1 
(SRD1) specified with the 3rd byte are read. 


RxD1 { 7016 


(M16C reception data) 


SRD SRD1 
(M16C transmit data) output_/\_output 
RTS1(BUSY) fFoyV I LL. 


Figure 1.32.4. Timing for reading the status register 
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Clear Status Register Command 
This command clears the bits (SR38—SR5) which are set when the status register operation ends in 
error. When the “5016” command code is sent with the 1st byte, the aforementioned bits are cleared. 
When the clear status register operation ends, the RTS1 (BUSY) signal changes from the “H” to the 
“L” level. 


CLK1 
RxD1 
(M16C reception data) ee 


TxD1 
(M16C transmit data) 


RTS1(BUSY) | 


Figure 1.32.5. Timing for clearing the status register 


Page Program Command 
This command writes the specified page (256 bytes) in the flash memory sequentially one byte at a 
time. Execute the page program command as explained here following. 
(1) Transfer the “4116” command code with the 1st byte. 
(2) Transfer addresses As to Ai5 and Aié to A23 with the 2nd and 3rd bytes respectively. 
(3) From the 4th byte onward, as write data (Do—D7) for the page (256 bytes) specified with addresses 
As to A23 is input sequentially from the smallest address first, that page is automatically written. 


When reception setup for the next 256 bytes ends, the RTS1 (BUSY) signal changes from the “H” to 
the “L” level. The result of the page program can be known by reading the status register. For more 
information, see the section on the status register. 

Each block can be write-protected with the lock bit. For more information, see the section on the data 
protection function. Additional writing is not allowed with already programmed pages. 


RxD1 As to \¥ Aié to 
(M16C reception data) {ate JAB TOY Ans 2° fated j | Gatapoe 


TxD1 
(M16C transmit data) 


RTS1 (BUSY) 


Figure 1.32.6. Timing for the page program 
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Block Erase Command 
This command erases the data in the specified block. Execute the block erase command as explained 
here following. 
(1) Transfer the “2016” command code with the 1st byte. 
(2) Transfer addresses As to A15 and A16 to A23 with the 2nd and 3rd bytes respectively. 
(3) Transfer the verify command code “D016” with the 4th byte. With the verify command code, the 
erase operation will start for the specified block in the flash memory. Write the highest address of 
the specified block for addresses A16 to A23. 


When block erasing ends, the RTS1 (BUSY) signal changes from the “H” to the “L” level. After block 
erase ends, the result of the block erase operation can be known by reading the status register. For 
more information, see the section on the status register. 

Each block can be erase-protected with the lock bit. For more information, see the section on the data 
protection function. 


RxD1 As to 
(M16C reception data) A2 eet 


TxD1 
(M16C transmit data) 


RTS1(BUSY) rd ri rd rT Ct~<“—tsS 


Figure 1.32.7. Timing for block erasing 
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Erase All Unlocked Blocks Command 

This command erases the content of all blocks. Execute the erase all unlocked blocks command as 
explained here following. 

(1) Transfer the “A716” command code with the 1st byte. 

(2) Transfer the verify command code “D016” with the 2nd byte. With the verify command code, the 

erase operation will start and continue for all blocks in the flash memory. 

When block erasing ends, the RTS1 (BUSY) signal changes from the “H” to the “L” level. The result of the 
erase operation can be known by reading the status register. Each block can be erase-protected with the 
lock bit. For more information, see the section on the data protection function. 


TO 
RxD1 
(M16C reception data) D016 


TxD1 
(M16C transmit data) 


RTS1(BUSY) = | a 


Figure 1.32.8. Timing for erasing all unlocked blocks 


Lock Bit Program Command 
This command writes “O” (lock) for the lock bit of the specified block. Execute the lock bit program 
command as explained here following. 
(1) Transfer the “7716” command code with the 1st byte. 
(2) Transfer addresses As to A15 and Aié to A23 with the 2nd and 3rd bytes respectively. 
(3) Transfer the verify command code “D016” with the 4th byte. With the verify command code, “0” is 
written for the lock bit of the specified block. Write the highest address of the specified block for 
addresses As to A23. 


When writing ends, the RTS1 (BUSY) signal changes from the “H” to the “L” level. Lock bit status can 
be read with the read lock bit status command. For information on the lock bit function, reset proce- 


dure and so on, see the section on the data protection function. 


RxD1 As to 
(M16C reception data) A23 emis 


TxD1 
(M16C transmit data) 


RTS1(BUSY) ri rd ri ri 


Figure 1.32.9. Timing for the lock bit program 
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Read Lock Bit Status Command 
This command reads the lock bit status of the specified block. Execute the read lock bit status com- 
mand as explained here following. 
(1) Transfer the “7116” command code with the 1st byte. 
(2) Transfer addresses As to A15 and A16 to A23 with the 2nd and 3rd bytes respectively. 
(3) The lock bit data of the specified block is output with the 4th byte. The 6th bit (D6) of output data 
is the lock bit data. Write the highest address of the specified block for addresses As to A23. 


cu TY 
ae 
(M16C reception data) A15 A23 


TxD1 DAG 
(M16C transmit data) 


RTS1(BUSY) | | | | | 


Figure 1.32.10. Timing for reading lock bit status 


Lock Bit Enable Command 
This command enables the lock bit in blocks whose bit was disabled with the lock bit disable com- 
mand. The command code “7A16” is sent with the 1st byte of the serial transmission. This command 
only enables the lock bit function; it does not set the lock bit itself. 


CLK1 | 
RxD1 
(M16C reception data) tae 


_TxD1 
(M16C transmit data) 


RTS1(BUSY) | 


Figure 1.32.11. Timing for enabling the lock bit 
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Lock Bit Disable Command 
This command disables the lock bit. The command code “7516” is sent with the 1st byte of the serial 
transmission. This command only disables the lock bit function; it does not set the lock bit itself. 
However, if an erase command is executed after executing the lock bit disable command, “O” (locked) 
lock bit data is set to “1” (unlocked) after the erase operation ends. In any case, after the reset is 
cancelled, the lock bit is enabled. 


CLK1 
RxD1 
(M16C reception data) cco 


TxD1 
(M16C transmit data) 


RTS1(BUSY) _ | 


Figure 1.32.12. Timing for disabling the lock bit 


Download Command 
This command downloads a program to the RAM for execution. Execute the download command as 
explained here following. 
(1) Transfer the “FA16” command code with the 1st byte. 
(2) Transfer the program size with the 2nd and 3rd bytes. 
(3) Transfer the check sum with the 4th byte. The check sum is added to all data sent with the 5th 
byte onward. 
(4) The program to execute is sent with the 5th byte onward. 


When all data has been transmitted, if the check sum matches, the downloaded program is executed. 
The size of the program will vary according to the internal RAM. 


Data size (low) 


gay) LFA A stm MGRa {cae 
(M16C reception data) = sum data data 


TxD1 Data size (high) 


(M16C transmit data) 


RTS1 (BUSY) 


Figure 1.32.13. Timing for download 
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Version Information Output Command 
This command outputs the version information of the control program stored in the boot area. Execute 
the version information output command as explained here following. 
(1) Transfer the “FB16” command code with the 1st byte. 
(2) The version information will be output from the 2nd byte onward. This data is composed of 8 
ASCII code characters. 


(M16C reception data) ( F816 ) 


(M166 transmit data) EZ EZESIBRED 


RTS1 (BUSY) 


Figure 1.32.14. Timing for version information output 


Boot ROM Area Output Command 
This command outputs the control program stored in the boot ROM area in one page blocks (256 
bytes). Execute the boot ROM area output command as explained here following. 
(1) Transfer the “FC16” command code with the 1st byte. 
(2) Transfer addresses As to A15 and Ai16é to A23 with the 2nd and 3rd bytes respectively. 
(3) From the 4th byte onward, data (Do—D7) for the page (256 bytes) specified with addresses As to 
A23 will be output sequentially from the smallest address first, in sync with the rise of the clock. 


(M16C reception data) A15 A23 


TxD1 
(M16C transmit data) 


RTS1 (BUSY) 


Figure 1.32.15. Timing for boot ROM area output 
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ID Check 
This command checks the ID code. Execute the boot ID check command as explained here following. 
(1) Transfer the “F516” command code with the 1st byte. 
(2) Transfer addresses Ao to A7, As to A15 and A1é to A23 of the 1st byte of the ID code with the 2nd, 
3rd and 4th bytes respectively. 
(3) Transfer the number of data sets of the ID code with the 5th byte. 
(4) The ID code is sent with the 6th byte onward, starting with the 1st byte of the code. 


spon (F518 f_DFte f Fries f oFte J tDsizef 101 J | 
(M16C reception F516 DFi6 } FFi6 OF 16 | size 
data) 


TxD1 
(M16C transmit 
data) 


RTS1 (BUSY) 


Figure 1.32.16. Timing for the ID check 


ID Code 
When the flash memory is not blank, the ID code sent from the peripheral units and the ID code written 
in the flash memory are compared to see if they match. If the codes do not match, the command sent 
from the peripheral units is not accepted. An ID code contains 8 bits of data. Area is, from the 1st byte, 
addresses OFFFFDF16, OFFFFE31i6, OFFFFEB16, OFFFFEF1i6, OFFFFF316, OFFFFF716 and 
OFFFFFB16. Write a program into the flash memory, which already has the ID code set for these 
addresses. 


Address 


OFFFFDC16 to OFFFFDF16 
OFFFFE016 to OFFFFE316 
OFFFFE416 to OFFFFE716 
OFFFFE816 to OFFFFEB16 


‘ Undefined instruction vector 


' Overflow vector 


‘ BRK instruction vector 


' Address match vector 


OFFFFEC16 to OFFFFEF16 


OFFFFFO016 to OFFFFF316 ID5 + Watchdog timer vector 


OFFFFF416 to OFFFFF716 


OFFFFF816 to OFFFFFB16 ID7+ NMI vector 


4 bytes 


Figure 1.32.17. ID code storage addresses 
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Read Check Data 
This command reads the check data that confirms that the write data, which was sent with the page 
program command, was successfully received. 
(1) Transfer the "FD16" command code with the 1st byte. 
(2) The check data (low) is received with the 2nd byte and the check data (high) with the 3rd. 


To use this read check data command, first execute the command and then initialize the check data. 
Next, execute the page program command the required number of times. After that, when the read 
check command is executed again, the check data for all of the read data that was sent with the page 
program command during this time is read. The check data is the result of CRC operation of write 
data. 


RxD1 FD16 
(M16C reception data) 


TxD1 
(M16C transmit data) 


Check data (low) Check data (high) 


RTS1(BUSY) | | | | | | 


Figure 1.32.18. Timing for the read check data 
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Data Protection (Block Lock) 
Each of the blocks in Figure 1.32.19 have a nonvolatile lock bit that specifies protection (block lock) 
against erasing/writing. A block is locked (writing “O” for the lock bit) with the lock bit program command. 
Also, the lock bit of any block can be read with the read lock bit status command. 
Block lock disable/enable is determined by the status of the lock bit itself and execution status of the lock 
bit disable and lock enable bit commands. 

(1) After the reset has been cancelled and the lock bit enable command executed, the specified block 
can be locked/unlocked using the lock bit (lock bit data). Blocks with a “O” lock bit data are locked 
and cannot be erased or written in. On the other hand, blocks with a “1” lock bit data are unlocked 
and can be erased or written in. 

(2) After the lock bit enable command has been executed, all blocks are unlocked regardless of lock bit 
data status and can be erased or written in. In this case, lock bit data that was “O” before the block 
was erased is set to “1” (unlocked) after erasing, therefore the block is actually unlocked with the 
lock bit. 


0C000016 
Block 6 : 64K byte 


0D000016 
Block 5 : 64K byte 


0E000016 
Block 4 : 64K byte 


0F000016 
Flash memory Block 3 : 32K byte 


start address 
M30624FG |  0C000016 re OOONG: | age o7 aK byte 


M30620FC |  0E000016 SE AOONIC Tl Block 4 8K bye 


GFCOROIS | Biveieo: 4eK byie 
OFFFFF16 


Type No. 


User ROM area 


Figure 1.32.19. Blocks in the user area 
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Status Register (SRD) 
The status register indicates operating status of the flash memory and status such as whether an erase 
operation or a program ended successfully or in error. It can be read by writing the read status register 
command (7016). Also, the status register is cleared by writing the clear status register command (5016). 
Table 1.32.2 gives the definition of each status register bit. After clearing the reset, the status register 
outputs “8016”. 


Table 1.32.2. Status register (SRD) 


Definition 


SRDO bits Status name 


Write state machine (WSM) status Ready Busy 


Reserved 2 - 


Erase status Terminated in error |Terminated normally 


Program status Terminated in error |Terminated normally 


Block status after program Terminated in error |Terminated normally 


Reserved 


Reserved 


Reserved 


Write State Machine (WSM) Status (SR7) 
The write state machine (WSM) status indicates the operating status of the flash memory. When 
power is turned on, “1” (ready) is set for it. The bit is set to “O” (busy) during an auto write or auto erase 
operation, but it is set back to “1” when the operation ends. 


Erase Status (SR5) 
The erase status reports the operating status of the auto erase operation. If an erase error occurs, it is 
set to “1”. When the erase status is cleared, it is set to “O”. 


Program Status (SR4) 
The program status reports the operating status of the auto write operation. If a write error occurs, it is 
set to “1”. When the program status is cleared, it is set to “O”. 


Program Status After Program (SR3) 

If excessive data is written (phenomenon whereby the memory cell becomes depressed which results 
in data not being read correctly), “1” is set for the program status after-program at the end of the page 
write operation. In other words, when writing ends successfully, “8016” is output; when writing fails, 
“9016” is output; and when excessive data is written, “8816” is output. 

If “1” is written for any of the SR5, SR4 or SR3 bits, the page program, block erase, erase all unlocked 
blocks and lock bit program commands are not accepted. Before executing these commands, execute 
the clear status register command (5016) and clear the status register. 
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Status Register 1 (SRD1) 
Status register 1 indicates the status of serial communications, results from ID checks and results from 
check sum comparisons. It can be read after the SRD by writing the read status register command (7016). 
Also, status register 1 is cleared by writing the clear status register command (5016). 
Table 1.32.3 gives the definition of each status register 1 bit. “0016” is output when power is turned ON 
and the flag status is maintained even after the reset. 


Table 1.32.3. Status register 1 (SRD1) 


Boot update completed bit | Update completed Not update 


Reserved - 


Reserved = 


Checksum match bit Mismatch 


ID check completed bits Not verified 
Verification mismatch 


Reserved 
Verified 


SR9 (bit1) Data receive time out Time out Normal operation 
SR8 (bit0) Reserved - 


Boot Update Completed Bit (SR15) 
This flag indicates whether the control program was downloaded to the RAM or not, using the down- 
load function. 


Check Sum Consistency Bit (SR12) 
This flag indicates whether the check sum matches or not when a program, is downloaded for execu- 
tion using the download function. 


ID Check Completed Bits (SR11 and SR10) 
These flags indicate the result of ID checks. Some commands cannot be accepted without an ID 
check. 


Data Reception Time Out (SRQ) 
This flag indicates when a time out error is generated during data reception. If this flag is attached 
during data reception, the received data is discarded and the microcomputer returns to the command 
wait state. 


MITSUBISHI 
292 a ELECTRIC 


Mitsubishi microcomputers 


M16C/80 (100-pin version) group 
Appendix Standard Serial I/O Mode 1 (Flash Memory Version) SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


Full Status Check 


Results from executed erase and program operations can be known by running a full status check. Figure 
1.32.20 shows a flowchart of the full status check and explains how to remedy errors which occur. 


Read status register 


YE 
SR4=1 and SR5 Command Execute the clear status register command (5016) 
=1? sequence error | to clear the status register. Try performing the 
NO operation one more time after confirming that the 
command is entered correctly. 


Block erase error + - - Should a block erase error occur, the block in error 
cannot be used. 


NO Program error (page |. - - Execute the read lock bit status command (7116) to 
or lock bit) see if the block is locked. After removing lock, 


execute write operation in the same way. If the 
error still occurs, the page in error cannot be used. 


Program error After erasing the block in error, execute write 
(block) operation one more time. If the same error still 
occurs, the block in error cannot be used. 


End (block erase, program) 


Note: When one of SR5 to SR3 is set to 1, none of the page program, block erase, erase all unlock 
blocks and lock bit program commands is accepted. Execute the clear status register command 
(5016) before executing these commands. 


Figure 1.32.20. Full status check flowchart and remedial procedure for errors 


Example Circuit Application for The Standard Serial I/O Mode 1 


The below figure shows a circuit application for the standard serial I/O mode 1. Control pins will vary 


according to peripheral unit (programmer), therefore see the peripheral unit (programmer) manual for 
more information. 


oLKi 
RTS1(BUSY) 
x01 


M16C/80 Flash 
memory version 


CNVss 


(1) Control pins and external circuitry will vary according to peripheral unit (programmer). For more 
information, see the peripheral unit (programmer) manual. 
(2) In this example, the microprocessor mode and standard serial I/O mode are switched via a switch. 


Figure 1.32.21. Example circuit application for the standard serial I/O mode 1 
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Overview of standard serial I/O mode 2 (clock asynchronized) 
In standard serial I/O mode 2, software commands, addresses and data are input and output between the 
MCU and peripheral units (serial programer, etc.) using 2-wire clock-asynchronized serial I/O (UART1). 
Standard serial I/O mode 2 is engaged by releasing the reset with the P65 (CLK1) pin "L" level. 
The TxD1 pin is for CMOS output. Data transfer is in 8-bit units with LSB first, 1 stop bit and parity OFF. 
After the reset is released, connections can be established at 9,600 bps when initial communications (Fig- 
ure 1.32.22) are made with a peripheral unit. However, this requires a main clock with a minimum 2 MHz 
input oscillation frequency. Baud rate can also be changed from 9,600 bps to 19,200, 38,400, 57,600 or 
115,200 bps by executing software commands. However, communication errors may occur because of the 
oscillation frequency of the main clock. If errors occur, change the main clock's oscillation frequency and 
the baud rate. 
After executing commands from a peripheral unit that requires time to erase and write data, as with erase 
and program commands, allow a sufficient time interval or execute the read status command and check 
how processing ended, before executing the next command. 
Data and status registers in memory can be read after transmitting software commands. Status, such as 
the operating state of the flash memory or whether a program or erase operation ended successfully or not, 
can be checked by reading the status register. Here following are explained initial communications with 
peripheral units, how frequency is identified and software commands. 


Initial communications with peripheral units 
After the reset is released, the bit rate generator is adjusted to 9,600 bps to match the oscillation fre- 
quency of the main clock, by sending the code as prescribed by the protocol for initial communications 
with peripheral units (Figure 1.32.22). 
(1) Transmit "0016" from a peripheral unit 16 times. (The MCU with internal flash memory sets the bit 
rate generator so that "0016" can be successfully received.) 
(2) The MCU with internal flash memory outputs the "B016" check code and initial communications end 
successfully *!. Initial communications must be transmitted at a speed of 9,600 bps and a transfer 
interval of a minimum 15 ms. Also, the baud rate at the end of initial communications is 9,600 bps. 


“1. If the peripheral unit cannot receive "BO16" successfully, change the oscillation frequency of the main 
clock. 


Peripheral unit MCU with internal 
flash memory 


en a Reset 


At least 15ms 
transfer interval 


(2) Transfer check code "B016" 


The bit rate generator setting completes (Q600b)S ) mess 


Figure 1.32.22. Peripheral unit and initial communication 
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How frequency is identified 
When "0016" data is received 16 times from a peripheral unit at a baud rate of 9,600 bps, the value of the 
bit rate generator is set to match the operating frequency (2 - 20 MHz). The highest speed is taken from 
the first 8 transmissions and the lowest from the last 8. These values are then used to calculate the bit 
rate generator value for a baud rate of 9,600 bps. 
Baud rate cannot be attained with some operating frequencies. Table 1.32.4 gives the operation fre- 
quency and the baud rate that can be attained for. 


Table 1.32.4 Operation frequency and the baud rate 


Operation frequency} Baud rate Baud rate Baud rate Baud rate Baud rate 
(MHZ) 9,600bps 19,200bps | 38,400bps | 57,600bps | 115,200bps 


<=} <=] <=) al a 
a} a] aly ayaa 
a 

<a=/ <=) =) ay =e 
a 


7.3728MHZ 
6MHz 

5MHz 
4.5MHz 
4.194304MHz 
4MHz 
3.58MHzZ 
3MHz 

2MHz 


I 
I 
I 
I 
I 
I 
J 
I 
I 


a} ae] al] aly al al ay a 


aye 


I 
| 
I 
| 
I 
| 
I 
| 
I 


4] : Communications possible 
— : Communications not possible 
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Software Commands 
Table 1.32.5 lists software commands. In the standard serial I/O mode 2, erase operations, programs and 
reading are controlled by transferring software commands via the RxD1 pin. Standard serial I/O mode 2 
adds five transmission speed commands - 9,600, 19,200, 38,400, 57,600 and 115,200 bps - to the soft- 
ware commands of standard serial I/O mode 1. Software commands are explained here below. 


Table 1.32.5. Software commands (Standard serial I/O mode 2) 


1st byte When ID is 
Control command transfer| 2d byte); 3rd byte | 4th byte | Sth byte | 6th byte nigi ventiod 
p d Address | Address Data Data Data Data Not 
agetea FF16 | (middle) | (high) | output | output | output | outputto | acceptable 
259th byte 
p Address | Address Data Data Data |Data input Not 
age program 4116 | (middle) | (high) input input | input | to 259th | acceptable 
byte 
Block Address | Address D016 Not 
seas ea cca 2016 | (middle) | (high) acceptable 
Erase all unlocked blocks A716 ee ne 
‘ SRD SRD1 Acceptable 
Read status register 7016 output output 
F Not 
Clear status register 5016 acceptable 
eead'laek bi Address | Address | Lock bit Not 
ead lock bit status 7116 | (middle) | (high) data acceptable 
output 
Lock bi Address | Address D016 Not 
ock bit program 7716 | (middle) | (high) acceptable 
: Not 
Lock bit enable 7A16 acceptable 
Lock bit disable 7516 aieaniis 
: ; Address | Address | Address . 
Code processing function F516 (low) (middle) | (high) ID size ID1 To ID7 Acceptable 
D load ; Size Check- To Not 
ownload function FA16 |Size (low) | (high) sum Data |required acceptable 
input | number 
of times 
Vemiond F : Version | Version | Version | Version| Version | Version 
ersion data output function | FBi¢ | gata data data data data data Acceptable 
output output output | output | output | output to 
gth byte 
Boot ROM ei Address | Address Data Data Data Data Not 
be atea Outpu FC16 | (middle) | (high) | output | output | output | output to | acceptable 
function 259th byte 
Check Check Not 
Read check data FD16 |data (low)|} data acceptable 
(high) 
Baud rate 9600 BOi6 B016 Acceptable 
Baud rate 19200 B146 B146 Acceptable 
Baud rate 38400 B216 B216 Acceptable 
Baud rate 57600 B316 B316 Acceptable 
Baud rate 115200 B416 B416 Acceptable 


Note 1: Shading indicates transfer from flash memory microcomputer to peripheral unit. All other data is trans- 
ferred from the peripheral unit to the flash memory microcomputer. 

Note 2:SRD refers to status register data. SRD1 refers to status register 1 data. 

Note 3:All commands can be accepted when the flash memory is totally blank. 
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Page Read Command 
This command reads the specified page (256 bytes) in the flash memory sequentially one byte at a 
time. Execute the page read command as explained here following. 
(1) Transfer the “FF16” command code with the 1st byte. 
(2) Transfer addresses As to A15 and A16 to A23 with the 2nd and 3rd bytes respectively. 
(3) From the 4th byte onward, data (Do—D7) for the page (256 bytes) specified with addresses As to 
A23 will be output sequentially from the smallest address first in sync with the rise of the clock. 


(M16C reception data) Aid A23 


(M16C sransinié date} { datao { }} {datas} 


Figure 1.32.23. Timing for page read 


Read Status Register Command 
This command reads status information. When the “7016” command code is sent with the 1st byte, the 
contents of the status register (SRD) specified with the 2nd byte and the contents of status register 1 
(SRD1) specified with the 3rd byte are read. 


RxD1 ( 7016 


(M16C reception data) 


SRD \SRD1 
TD outpul 


(M16C transmit data) 


Figure 1.32.24. Timing for reading the status register 


Clear Status Register Command 
This command clears the bits (GR3—SR5) which are set when the status register operation ends in 
error. When the “5016” command code is sent with the 1st byte, the aforementioned bits are cleared. 


RxD1 
(M16C reception data) (so 


TxD1 
(M16C transmit data) 


Figure 1.32.25. Timing for clearing the status register 
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Page Program Command 
This command writes the specified page (256 bytes) in the flash memory sequentially one byte at a 
time. Execute the page program command as explained here following. 
(1) Transfer the “4116” command code with the 1st byte. 
(2) Transfer addresses As to Ai5 and Aié6 to A23 with the 2nd and 3rd bytes respectively. 
(3) From the 4th byte onward, as write data (Do—D7) for the page (256 bytes) specified with addresses 
As to A23 is input sequentially from the smallest address first, that page is automatically written. 


The result of the page program can be known by reading the status register. For more information, 
see the section on the status register. 

Each block can be write-protected with the lock bit. For more information, see the section on the data 
protection function. Additional writing is not allowed with already programmed pages. 


RxD1 
(M16C reception data) data255 


TxD1 
(M16C transmit data) 


Figure 1.32.26. Timing for the page program 


Block Erase Command 
This command erases the data in the specified block. Execute the block erase command as explained 
here following. 
(1) Transfer the “2016” command code with the 1st byte. 
(2) Transfer addresses As to A15 and A16 to A23 with the 2nd and 3rd bytes respectively. 
(3) Transfer the verify command code “D016” with the 4th byte. With the verify command code, the 
erase operation will start for the specified block in the flash memory. Write the highest address of 
the specified block for addresses A16 to A23. 


After block erase ends, the result of the block erase operation can be known by reading the status 
register. For more information, see the section on the status register. 

Each block can be erase-protected with the lock bit. For more information, see the section on the data 
protection function. 


RxD1 As to ¥ A1é6 to 
(M16C reception data) Dus 


TxD1 
(M16C transmit data) 


Figure 1.32.27. Timing for block erasing 
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Erase All Unlocked Blocks Command 
This command erases the content of all blocks. Execute the erase all unlocked blocks command as 
explained here following. 
(1) Transfer the “A716” command code with the ist byte. 
(2) Transfer the verify command code “D016” with the 2nd byte. With the verify command code, the 
erase operation will start and continue for all blocks in the flash memory. 
The result of the erase operation can be known by reading the status register. Each block can be erase- 
protected with the lock bit. For more information, see the section on the data protection function. 


RxD1 
(M16C reception data) D016 


TxD1 
(M16C transmit data) 


Figure 1.32.28. Timing for erasing all unlocked blocks 


Lock Bit Program Command 
This command writes “0” (lock) for the lock bit of the specified block. Execute the lock bit program 
command as explained here following. 

(1) Transfer the “7716” command code with the 1st byte. 

(2) Transfer addresses As to Ai5 and Aié to A23 with the 2nd and 3rd bytes respectively. 

(3) Transfer the verify command code “D016” with the 4th byte. With the verify command code, “0” is 
written for the lock bit of the specified block. Write the highest address of the specified block for 
addresses As to A23. 

Lock bit status can be read with the read lock bit status command. For information on the lock bit 
function, reset procedure and so on, see the section on the data protection function. 


RxD1 As to \ Aié to 
(M16C reception data) eo 


TxD1 
(M16C transmit data) 


Figure 1.32.29. Timing for the lock bit program 
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Read Lock Bit Status Command 
This command reads the lock bit status of the specified block. Execute the read lock bit status com- 
mand as explained here following. 
(1) Transfer the “7116” command code with the 1st byte. 
(2) Transfer addresses As to A15 and A16 to A23 with the 2nd and 3rd bytes respectively. 
(3) The lock bit data of the specified block is output with the 4th byte. Write the highest address of 
the specified block for addresses As to A23. 


i 
(M16C reception data) A15 A23 


TxD1 
(M16C transmit data) 


Figure 1.32.30. Timing for reading lock bit status 


Lock Bit Enable Command 
This command enables the lock bit in blocks whose bit was disabled with the lock bit disable com- 
mand. The command code “7A16” is sent with the 1st byte of the serial transmission. This command 
only enables the lock bit function; it does not set the lock bit itself. 


RxD1 
(M16C reception data) tae 


_TxD1 
(M16C transmit data) 


Figure 1.32.31. Timing for enabling the lock bit 
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Lock Bit Disable Command 
This command disables the lock bit. The command code “7516” is sent with the 1st byte of the serial 
transmission. This command only disables the lock bit function; it does not set the lock bit itself. 
However, if an erase command is executed after executing the lock bit disable command, “0” (locked) 
lock bit data is set to “1” (unlocked) after the erase operation ends. In any case, after the reset is 
cancelled, the lock bit is enabled. 


RxD1 
(M16C reception data) fee 


TxD1 
(M16C transmit data) 


Figure 1.32.32. Timing for disabling the lock bit 


Download Command 
This command downloads a program to the RAM for execution. Execute the download command as 
explained here following. 
(1) Transfer the “FA16” command code with the 1st byte. 
(2) Transfer the program size with the 2nd and 3rd bytes. 
(3) Transfer the check sum with the 4th byte. The check sum is added to all data sent with the 5th 
byte onward. 
(4) The program to execute is sent with the 5th byte onward. 


When all data has been transmitted, if the check sum matches, the downloaded program is executed. 
The size of the program will vary according to the internal RAM. 


RxD1 
(M16C reception data) 


Data size (low) 


TxD1 


Data size (high 
(M16C transmit data) ata size (high) 


Figure 1.32.33. Timing for download 
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Version Information Output Command 
This command outputs the version information of the control program stored in the boot area. Execute 
the version information output command as explained here following. 
(1) Transfer the “FB16” command code with the 1st byte. 
(2) The version information will be output from the 2nd byte onward. This data is composed of 8 
ASCII code characters. 


RxD1 
(M16C reception data) 


TxD1 
(M16C transmit data) 


Figure 1.32.34. Timing for version information output 


Boot ROM Area Output Command 
This command outputs the control program stored in the boot ROM area in one page blocks (256 
bytes). Execute the boot ROM area output command as explained here following. 
(1) Transfer the “FC16” command code with the 1st byte. 
(2) Transfer addresses As to A15 and A16 to A23 with the 2nd and 3rd bytes respectively. 
(3) From the 4th byte onward, data (Do—D7) for the page (256 bytes) specified with addresses As to 
A23 will be output sequentially from the smallest address first, in sync with the rise of the clock. 


RxD1 As to ¥ Aié to 
(M16C reception data) 


(M16C sehen ( datad  }) —_fdataess 


Figure 1.32.35. Timing for boot ROM area output 
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ID Check 
This command checks the ID code. Execute the boot ID check command as explained here following. 
(1) Transfer the “F516” command code with the 1st byte. 
(2) Transfer addresses Ao to A7, As to A15 and A16 to A23 of the 1st byte of the ID code with the 2nd, 
3rd and 4th bytes respectively. 
(3) Transfer the number of data sets of the ID code with the 5th byte. 
(4) The ID code is sent with the 6th byte onward, starting with the 1st byte of the code. 


RxD1 
(M16C reception 
data) 


TxD1 
(M16C transmit 
data) 


Figure 1.32.36. Timing for the ID check 


ID Code 
When the flash memory is not blank, the ID code sent from the peripheral units and the ID code written 
in the flash memory are compared to see if they match. If the codes do not match, the command sent 
from the peripheral units is not accepted. An ID code contains 8 bits of data. Area is, from the 1st byte, 
addresses OFFFFDF16, OFFFFE316, OFFFFEBi6, OFFFFEFi6, OFFFFF316, OFFFFF716 and 
OFFFFFB16. Write a program into the flash memory, which already has the ID code set for these 
addresses. 


Address 


0 ie ace 
OFFFFDC16 to OFFFFDFi6 | ID1: Undefined instruction vector 
OFFFFE016 to OFFFFE316 ID2: Overflow vector 


OFFFFE416 to OFFFFE716 : BRK instruction vector 
OFFFFE8i6 to OFFFFEBié6 iD3 Address match vector 


OFFFFEC16 to OFFFFEF16 


OFFFFFO016 to OFFFFF316 ——E i Washed timer vector 


OFFFFF416 to OFFFFF716 


OFFFFF816 to OFFFFFB16 ID7+ NMI vector 


Figure 1.32.37. ID code storage addresses 
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Read Check Data 
This command reads the check data that confirms that the write data, which was sent with the page 
program command, was successfully received. 
(1) Transfer the "FD16" command code with the 1st byte. 
(2) The check data (low) is received with the 2nd byte and the check data (high) with the 3rd. 


To use this read check data command, first execute the command and then initialize the check data. 
Next, execute the page program command the required number of times. After that, when the read 
check command is executed again, the check data for all of the read data that was sent with the page 
program command during this time is read. The check data is the result of CRC operation of write 
data. 


RxD1 FD16 
(M16C reception data) 


TxD1 
(M16C transmit data) 


Check data (low) Check data (high) 


Figure 1.32.38. Timing for the read check data 


Baud Rate 9600 
This command changes baud rate to 9,600 bps. Execute it as follows. 
(1) Transfer the "B016" command code with the ist byte. 
(2) After the "B0O16" check code is output with the 2nd byte, change the baud rate to 9,600 bps. 


RxD1 
(M16C reception data) 


TxD1 
(M16C transmit data) 


Figure 1.32.39. Timing of baud rate 9600 
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Baud Rate 19200 
This command changes baud rate to 19,200 bps. Execute it as follows. 
(1) Transfer the "B116" command code with the 1st byte. 
(2) After the "B116" check code is output with the 2nd byte, change the baud rate to 19,200 bps. 


RxD1 
(M16C reception data) 


TxD1 
(M16C transmit data) 


Figure 1.32.40. Timing of baud rate 19200 


Baud Rate 38400 
This command changes baud rate to 38,400 bps. Execute it as follows. 
(1) Transfer the "B216" command code with the 1st byte. 
(2) After the "B216" check code is output with the 2nd byte, change the baud rate to 38,400 bps. 


RxD1 
(M16C reception data) 
TxD1 
(M16C transmit data) 


Figure 1.32.41. Timing of baud rate 38400 


Baud Rate 57600 
This command changes baud rate to 57,600 bps. Execute it as follows. 
(1) Transfer the "B316" command code with the 1st byte. 
(2) After the "B316" check code is output with the 2nd byte, change the baud rate to 57,600 bps. 


RxD1 
(M16C reception data) 


TxD1 
(M16C transmit data) 


Figure 1.32.42. Timing of baud rate 57600 
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Baud Rate 115200 
This command changes baud rate to 115,200 bps. Execute it as follows. 
(1) Transfer the "B416" command code with the 1st byte. 
(2) After the "B416" check code is output with the 2nd byte, change the baud rate to 19,200 bps. 


RxD1 
(M16C reception data) 


TxD1 
(M16C transmit data) 


Figure 1.32.43. Timing of baud rate 115200 


Example Circuit Application for The Standard Serial I/O Mode 2 
The below figure shows a circuit application for the standard serial I/O mode 2. 


CLK1 
Monitor output RTS1(BUSY) 


Data input RxD1 
Data output TXD1 


M16C/80 Flash 
memory version 


CNVss 


(1) In this example, the microprocessor mode and standard serial I/O 
mode are switched via a switch. 


Figure 1.32.44. Example circuit application for the standard serial I/O mode 2 
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* Page 1 line 5 1 M byte --> 16 M bytes 
* Page 1 line 15 10 MHz with software one wait --> 10 MHz : under planning 
« Page 1 line 16 35 mW (f(XIN)=20MHz, without software wait, Vcc=5V; M30800MC- 
XXXFP target value ) --> 45 mA (M30800MC-XXXFP) 
« Page 1 X-Y converter ---- 1 circuit Addition 
* Page 4 line 28 35 mA --> 45 mA 
« Page 6 figure 1.1.4 
« Page 18 figure 1.5.4 and corresponding pages 
106) Peripheral subfunction select register --> Function select register C 
107) Port function select register 0 --> Function select register AO 
108) Port function select register 1 --> Function select register A1 
109) Peripheral function select register 0 --> Function select register BO 
110) Peripheral function select register 1 --> Function select register B1 
111) Port function select register 2 --> Function select register A2 
112) Port function select register 3 --> Function select register A3 
113) Peripheral function select register 2 --> Function select register B2 
« Page 21 figure 1.6.3 Register name change same as figure 1.5.4 
« Page 24 figure 1.8.1 Processor mode register 0 
Note 6 --> Note 7, Note 6 Addition 
Processor mode register 1 Note 3 
« Page 31 line 4 
Addition: The ALE signal is occurred regardless of internal area and external area. 
* Page 31 table 1.10.4, Page 33 table 1.10.5 R/W --> RD/WR 
* Page 42 table 1.11.4 System clock control register 0 Note 2 
* Page 51 line 7, table 1.15.1 
port function select register 3 (address 03B516) --> port function select register 3 (ad- 
dress 03B516) and D-A control register (address 039C16) 
* Page 60 line 3 the interrupt occurs. --> the interrupt can be set to occur on input signal 
level and input signal edge. 
«Page 65 line 10 Set register --> When writing to DCT2, DCT3, DRC2, DRC3, DMA2 and 
DMAS3, set register 
« Page 67 table 1.20.2 Addition: Note 5 
« Page 86 line 1 successively when --> successively two times when 
«Page 93 line 16 Count source input --> Count source input (Set the corresponding func- 
tion select register A to I/O port.) 
« Page 114 table 1.25.6, page 122 table 1.26.1 
UARTi transmit/receive mode register Addition: Note 2 
UARTIi transmit/receive mode register Addition: Note 3 
* Page 115 table 1.25.7 UARTI transmit/receive mode registerO Delate: Note 3 
* Page 120 line 13 Addition: -Set the corresponding function select register A to I/O port 
* Page 123 table 1.26.3 
* Page 130 table 1.27.3 
« Page 139 figure 1.29.2 
* Page 142 line 2 062316 --> 032616 
* Page 144 table 1.29.5 
* Page 156 table 1.31.2 D-A control register (Note) Addition: Note 
* Page 164 figure 1.34.2 16-bit bus mode AQ --> A9 
*Page 165 line 5 —‘f32 --> BCLK(frequency x 32) 
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« Page 165 figure 1.34.3 operation clock --> BCLK '98.10.19 
* Page 169 
they function as output regardless of the contents of the direction registers. When pins 
are to be used as the outputs for the D-A converter, do not set the direction registers to 
output mode. 
a 
set the corresponding function select registers A, B and C. When pins are to be used 
as the outputs for the D-A converter, set the function select register of each pin to I/O 
port, and set the direction registers to input mode. 
Table 1.35.1 lists each port and peripheral function. 


All page M30800MC-XXXFP --> M16C/80 (100-pin version) group 
Page 2 Figure 1 changed, GP package is added 
Page 3 Figure 3 Note 1 and Note 2 is added 
Page 5 Figure 4, Table 2 New type no. is added 
Page 6 Figure 5 GP is added 
Page 10 Line 2 18 registers --> 28 registers 
Page 11 (7) Set USP and ISP to an even number so that execution efficiency is increased. 
--> added 
Page 17 Figure 11 (54) UART4 special mode register 3 --> added 
Page 18 Figure 12 
UARTS special mode register 3 --> added 
UART2 special mode register 3 --> added 
Function select register B3 --> added 
Page 20 Figure 14 
UART4 special mode register 3 --> added 
UARTS special mode register 3 --> added 
UART2 special mode register 3 --> added 
Page 21 Figure 15 Function select register B3 --> added 
Page 24 Figure 23 PM1 Note 4 -->added 
Page 31 Figure 26 
Page 45 Table 14, Page 46 Table 15 Note --> added 
Page 50 Figure 32-4 Changed 
Page 51 Line 6 port function select register 3 --> function select register A3 
Page 52 Line 17 FFFFE416 to FFFFE716 are all --> FFFFE716 is 
Page 53 Table 17 BRK instruction 
If the vector is --> If the contents of FFFFE716 is 
Page 53 Table 18 Instruction fetch and DBC --> delated 
Page 58 Figure 36 IPL --> RLVL 
Page 61 Figure 38 004D16 --> 009316 
Page 67 Figure 44-1Note 3 and 6 --> added 
Page 68 Figure 45 memory --> memory (forward direction) 
Page 70 Figure 46-2DMAi memory address reload register Note: 
vector register (SVP) --> save PC register (SVP) 
Page 84 Figure 56 Note 4 addresses 034216 and 034316 --> address 034316 
Page 93 Table 30 Count source: TBj overflow --> added 
Page 96 Figure 69 
Three-phase PWM control register 0 Note 4:both bit 0 and 1 --> bit 1 
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Three-phase PWM control register 1 
Page 100 Line 1 In three-phase --> In "L" active output polarity in three-phase 
Page 100 Line 26,31 
the state of set by port direction register --> the high-impedance state 
Page 101 Figure 73 Right: INV14 --> added 
Page 103 Figure 74 
Page 108 Table 32 UART4 LSB first/MSB first selection : Note 1 --> Note 2 
Page 118 Figure 83 UART transmit/receive control register 2 
Page 119 Figure UART 3,4 special mode register 3 --> added 
Page 126 Line 3 CLK and CLKS select bit (bits 4 and 5 at address 037016) --> 
port function select register (bits of related to-P64 and P65) 
Page 145 
Page 176 Table 124P91: STxD3 output --> added 
P97: STxD4 output --> added 
Page 178 Figure 125-2 Function select register A3 
Page 179 Figure 125-3 Function select register BO 
Page 180 Figure 125-4 Function select register B3 
Page 187 A-D Converter (5) 
Page 188 DMAC 


SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


Revision 
date 


Pagel Supply voltage 4.0V-5.5V, Mask ROM version is added. 
Page 5 Table 1.1.1 DMAC 2 channels --> 4 channels 
Page 8 PO description is changed 
Page 9 P6 description is changed 
P7, 8, 9, 10 equivalent to PO --> P6 

Page 10 Figure 1.2.1 M30800FC, M30803FG are added. 
Page 18 Figure 1.4.3 (15) DRAM control register OXXX0000 --> ?XXX???? 
Page 19 Figure 1.4.4 Delate Note, (143)-(147) 00 --> ?? 
Page 20 Figure 1.5.1 Add Note 
Page 25 Figure 1.6.1 Processor mode register 1 

When reset 0016 --> C016 
Page 30 Line 15 ... output to Ag to A20 --> As to A20 
Page 32 Figure 1.7.2 
Page 35 (8) BCLK output 
Page 38 Figure 1.7.6 
Page 39 Figure 1.7.7 
Page 40 Figure 1.8.1 and 1.8.2 Note 
Page 42 
Page 43 Figure 1.8.4 
Page 44 Figure 1.8.5 Note 2, Line 6 Pin outputs "L" is delated. 
Page 45 
Page 47 Line 15 

... aS BCLK --> as BCLK from the interrupt routine 

Table 1.8.3 
Page 48 Status Transition of BCLK 
Page 51 Figure 1.8.7 
Page 52 Line 6, Figure 1.8.6 Delate D-A control register 
Page 56 Line 14 
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Page 58 Table 1.9.3 Software interrupt number 40,41, Add fault error, Add Note 2 

Page 59 Interrupt control register Line 4 delate 

Page 64 Interrupt sequence (1) 

Page 66 Saving registers Last line added 

Page 67 Interrupt Priority *1delated, Last line added 

Page 72 (2) Setting the stack pointer Last line added 

Page 74 Watchdog timer Line 2 
A watchdog timer interrupt is generated when --> Whether a watchdog timer interrupt 
is generated or reset is selected when 
Last part :Watchdog timer function select bit is initialized only at reset. After reset, 
watchdog timer interrupt is selected. added 

Page 75 Figure 75 System clock control register 0 added 

Page 97 Figure 1.13.9 Count value 

Page 181 Figure 1.25.4 

Page 182 Figure 1.25.5 

Page 131 Figure 1.16.12 Both register Note2 added 

Page 135 Table 1.17.3 RxDi bit 1 and 6 at address 03C716 --> bit 1 and 7 ... 

Page 132 Table 1.18.3 RxDi bit 1 and 6 at address 03C716 --> bit 1 and 7 ... 

Page 147 Figure 1.19.1 Upper figure changed, note added 

Page 153 ~— Bit 4 overflow --> underflow 

Page 154 Figure 1.20.3 overflow --> underflow 

Page 159 Clock phase setting 
UARTiI transmission-reception control register 0 ..., whereas UARTi special mode 
register 3 ... --> Bit 6 of UARTIi transmission-reception control register 0 ..., whereas 
bit 1 of UARTi special mode register 3 ... 
Line 15 
... output is high impedance. --> ... output is indeterminate. 

Page 171 Line 3 Set the function select register A to I/O port and the direction register to 
input mode. added 

Page 171 Figure 1.22.2 Note delate 

Page 176 Figure 1.24.3 added 

Page 178 Figure 1.25.1 When reset --> indeterminate, Note 4 is added. 

Page 200 Table 1.26.2 and 1.26.3 and Figure 1.26.14 
CNVss is added 

Page 204- Electric characteristics added 


Page 214 Table 1.28.22 — th(BCLK-DW) add 
Page 220 Figure 1.28.6 th(BCLK-CAS) --> th(BCLK-DW) 
Page 223 Figure 1.28.9 WR, WRL, WRH(sepalate bus) wave change 


Page 24 Line 3 A software reset has almost the same ... --> A software reset has the 
same ... 


Page 161 Note 2: 
When f(XIN) is over 10 MHz, the faD frequency must be under 10 MHz by dividing. --> 
addition 


Page 18 Figure 1.4.3 (60) Timer B3,4,5 count start flag value change 
Page 19 Figure 1.4.4 Flash memory control register 0 and 1 added 
Page 22 Figure 1.5.3 Flash memory control register 0 and 1 added 
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Page 43 Figure 1.8.4 CMO Note 5 delate 
Page 81 Figure 1.11.5 DMAi memory address reload register 
Address DRA2, DRA3 00000016 --> XXXXXX16 
Page 181, 182 Figures 1.25.4-1.25.5 
DO-D15 waveform changed 
Page 185 (6) Pull up control register changed 
Page 208 Table 1.28.3 
VT+-VT- TBOIN-TB2IN --> TBOIN-TBS5IN, 
TA20uUT-TA40UT --> TAQOUT-TA40UT 
Page 211 Table 1.28.19 
Page 212 Table 1.28.20 
Page 213 Table 1.28.21 
Page 214 Table 1.28.22 
Page 216 Figure 1.28.2 
Page 217 Figure 1.28.3 
Page 218 Figure 1.28.4 
Page 219 Figure 1.28.5 
Page 220 Figure 1.28.6 
Page 221 Figure 1.28.7 
Page 223 Figure 1.28.9 


Flash memory ROM version added 99.9.24 


Page 2,3 Figure 1.1.1, 1.1.2 Japanese font change to English font 99.12.8 


Page 1 * DMAC...4 channels (trigger: 24 sources) --> 31 sources 14/3/00 
* Supply voltage 4.2 to 5.5V (f(XIN)=20MHz) Flash memory version--> addition 
¢ Interrupt...4 software --> 5 software 

Page 1,5 Table 1.1.1 
Feature * Memory capacity ROM 128 Kbytes --> (See ROM expansion figure.) 
RAM 10K --> 10/20 Kbytes 

Page 5 Table 1.1.1 Interrupt...4 software --> 5 software 

Page 2, 3 Figure 1.1.1, 1.1.2 Note 1 addition 

Page 6 Figure 1.1.4, Table 1.1.2 M830803MG-XXXFP/GP addition 

Page 7 Figure1.1.5 ROM capacity G:256 Kbytes addition 

Page 8 POO to P07 
However, it is possible to select pull-up resistance presence to the usable port as I/O 
port by setting. --> addition 
CNVss Connect it to the Vss pin when operating in single-chip or memory 
expansion mode. Connect it to the Vcc pin when in microprocessor mode. --> 
Connect it to the Vss pin when operating in single-chip or memory expansion mode 
after reset. Connect it to the Vcc pin when in microprocessor mode after reset. 
BYTE When operating in single-chip mode,connect this pin to VSS. --> When 
not using the external bus,connect this pin to VSS. 

Page 9 P50 to P57 In single chip mode, --> delate 

Page 10 Figure 1.2.1 M30803FG --> M30803MG/FG 

Page 13 Figure 1.4.3 (2) processor mode register C016 --> 0016 

Page 20 to 23 Figure 1.5.1 to 1.5.4 Note addition 

Page 23 Figure 1.5.4 Note 2 addition 
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Page 25 Figure 1.6.1, 1.6.2 Figure 1.6.1 is divided to Figure 1.6.1and 1.6.2 

Page 30 Table 1.7.4 

Page 34 Figure 1.7.3 Note addition 

Page 36 Line 3 the chip select control register --> the wait control registe 

Page 38, 39 Figure 1.7.6, 1.7.7 Note change 

Page 42 Line 7 addition 
When the main clock is stoped (bit 5 at address 000616 =1) or the mode is shifted to 
stop mode (bit 0 at address 000716 =1), the main clock division register (address 
000C16) is set to the divided-8 mode. 

Page 42 (3)BCLK When shifting to stop mode, --> When main clock is stoped or shifting to 
stop mode, 

Page 43 Figure 1.8.4 CMO Note 6 change, Note 7, 8 addition, CM1 Note 4 addition 

Page 44 Figure 1.8.5 Note 2 change 

Page 48 Line 5 When shifting to stop mode and reset, --> When shifting to stop mode, 
reset or stopping main clock, 
(12) Low power dissipation mode addition 
When the main clock is stoped, the main clock division register (address 000C16) is 
set to the division by 8 mode. 

Page 51 Figure 1.8.7. Clock transition Note 3, 4 addition 

Page 52 Line 9 addition 

Page 54 Software Interrupts (2) Overflow interrupt, "CMPX" addition 

Page 55 (2) Peripheral I/O interrupts 
* Bus collision detection/start, stop condition (UART2, UART3, UART4) interrupts --> 
change 

Page 57 « Variable vector tables addition 
Set an even address to the start address of vector table setting in INTB so that 
operating efficiency is increased. 

Page 58 Table 1.9.3 
Bus collision detection/start, stop condition interrupts --> Bus collision detection, start/ 
stop condition detection interrupts 

Page 58 Table 1.9.3, page 68 Figure 1.9.8 
Software interrupt number 40, 41 fault errir --> addition 

Page 71 Address match interrupt Line 7 addition 

Page 72 (3) The NMI interrupt 
* Do not reset the CPU with the input to the NMI pin being in the “L” state. --> + Signal 
of "L" level width more than 1 clock of CPU operation clock (BCLK) is necessary for 
NMI pin. 

Page 72 (4) External interrupt 

Page 74 Figure 1.10.1 

Page 76 Line 2 
"DMAC is a function that to transmit 1 data of a source address (8 bits /16 bits) toa 
destination address when transmission request occurs. " addition. 

Page 76 Line 12 addition 
When writing to DSA2 and DSA, set register bank select flag (B flag) to "1" and use 
LDC instruction to set SB and FB registers. 

Page 76 Figure 1.11.1 

Page 77 Table 1.11.1 Transfer memory space (16 Mbyte space) --> addition 
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Page 78 Figure 1.11.2 Note :6 OR instruction --> OR instruction etc. 
Page 80 Figure 1.11.4 DRCi « Transfer counter --> * Transfer count register 
Page 81 Figure 1.11.5 
DMAi, DSAi, DRAi Transfer count specification "(16 Mbytes area)" addition 
DRAi memory address counter --> memory address register 
Page 85 Line 9 addition (1) Internal factors, (2) External factors change 
Page 87 Fugure 1.12.1 "Timer B2 overflow" addition 
Page 88 Fugure 1.12.2 Timer A --> Timer B2 overflow (to timer A count source) 
Page 93 Table 1.13.2 Cout source * TB2 overflows, TAj overflows --> *TB2 overflows 
or underflows , TAj overflows or underflows 
Page 95 Figure 1.13.7 When using two-phase signal processing Note 3 --> addition 
Page 102 Figure 1.14.3 TBSR When reset 0016 --> OOOXXXXXX16 
b4-b0 When read, the value is "0" --> indeterminate 
Page 104 Table 1.14.2 Cout source * TBj overflows --> *TBj overflows or underflows 
Page 124 Figure 1.16.5 UiTB Note 1 delate 
Page 126-127 Figure 1.16.7to 1.16.8 © CRD change 
Page 130 Figure 1.16.11 SDHI Enabled <--> Disabled 
Page 144 (a) Separate CTS/RTS pins function (UARTO) 
Page 146 Table 1.19.1 Addition in "Other things" 
Page 147 Figure 1.19.1 é,Figure 
A"L" level returns from TxD due to the occurrence of a parity error. --> A "L" level 
returns from SIM card... 
Page 149 Figure 1.19.4 Note addition 
Page 150 Table 1.20.1 Note 1: LSB first --> MSB first, Note 3 Change 
Page 156 Figure 1.20.4 4 to 5 cycles --> 3 to 6 cycles 
Page 163, 165-169 Figure 1.21.2-Figure 1.21.8 ADCON1 Note 2-6 addition 
Page 170 Line 14,23 addition 
Page 171 Line 5 addition 
Page 172 Figure 1.22.3 Note :3 D-A control register --> D-A register 
Page 176 Figure 1.24.3 
Page 178 Figure 1.25.1 Note 1 position change 
Page 178 Line 10 DRAM controler --> addition 
Page 179 Figure 1.25.2 Note 1 --> change 
Page 184 (1) Direction registers, (2) Port registers --> change 
Page 185 (4) Function select register B --> change 
Page 189 Figure 1.26.4 —Port Pi direction register Note 2 addition 
Page 190 Figure 1.26.5 Port Pi register Note 1 and 2 addition 
Page 191 Table 1.26.1 Note addition 
Page 192 Figure 1.26.6 Function select register A1 Note 1 addition 
Page 194 Figure 1.26.8 Function select register B1 Note 2 addition 
Page 195 Figure 1.26.9 Function select register B3 
Note 1 --> addition, PSL3_3-PSL3_6 change 
Page 196 Figure 1.26.13 Port control register Note 2 addition 
Page 197 Figure 1.26.4 —_- Port Pi direction register Note 2 addition 
Page 200 Precaution on A-D converter (6) --> addition 
Page 203 Stop Mode and Wait Mode (2) all clock stop bits --> all clock stop control bits 
Page 203 Noise addition 
Page 203 Precaution on interrupt (1) line 7 --> addition 
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Page 204 Making power consumption electricity small --> addition 
Page 207 Table 1.28.3 VT+—VT- SCL2-SCL4, SDA2-SDA4 Addition 
Page 208 Table 1.28.5 Note Change 
Page 215 Table 1.28.22 _—_tRP expression change 
Page 217-220 Figure 1.28.2-1.28.5 tw(WR) addition, th(BCLK-DB) delate 
Page 219, 220, 222, 223, 225 
Figure 1.28.4, 1.28.5, 1.28.7, 1.28.8, 1.28.10 addition 
Page 225, 226 Figure 1.28.10, 1.28.11 — th(BCLK-DB) -5 ns.min --> -7 ns.min 
Page 227 Figure 1.28.12 Refresh timing (self refresh) RAS timing 
Page 230 3V of electric characteristics addition 
Page 246 Table 1.29.1 Data hold --> addition 
Page 247 Figure 1.29.2 Package type 144P6Q --> 144P6Q-A 
Page 248 Flash memory line 5 change 
Page 250 Function outline Line 24 (Parallel ... function ) --> delate 
Page 269 Standard serial I/O mode Line 26 externl device --> external device ( programmer) 
Page 285 Figure1.31.21 | programer --> peripheral unit ( programmer) 


Page 43 Figure1.8.4 Note of the system clock control register 0-->addition 19/6/00 

Page 44 Line 4 Note-->addition 

Page 45 Table1.8.2 Note-->addition 

Page 71 Line 9 “Address match interrupt is not generated with a start instruction of interrupt 
routine."-->Delete 

Page 73 (6) Precaution of Address mach interrupt-->addition 

Page 79 Figure1.11.2 Note-->change 

Page 87 Precaution for DMAC-->addition 

Page 131 Figure1.16.11 Bit 7-->Must set to "1" in selecting IIC mode. 

Page 152 Figure1.20.1 Bit 7-->Must set to "1" in selecting IIC mode. 

Page 182 Addition 

Page 205 (3) Address match interrupt in Interrupt precautions-->addition 

Page 206 (2) DMAC-->addition 

Page 207 Precautions for using CLKOUT pin-->addition 

Page 210 Table1.28.3 Icc when clock stop Topr=25C°-->change 

Page 212 Table1.28.6 External clock inout HIGH and LOW pulse waidth 22-->20 

External clock rise and fall time 10-->5 

Page 215, 216 Table1.28.19, 20 th(BCLkK-DB)-->delete, tw(wR)-->addition 

Page 218 Table1.28.22 th(BCLK-DB) -5ns --> -7ns 

Page 233 Table1.28.23 Icc when clock stop Topr=25C°-->change 

Page 235 Table1.28.27 th(CAS-DB)-->addition 

Page 238, 239 Table1.28.39, 40 tw(wr) -->addition, th(BCLK-RD) Ons-->-3ns 

Page 240 Table1.28.41 td(AD-ALE)=109/(f(BCLK)X2)-20 -->109/(f(BCLK)X2)-27 

Page 241 Table1.28.42 th(BCLK-CAS) Ons-->-3ns 

Page 242 Figure1.28.15 tac1(RD-DB) min-->max, tac1(AD-DB) min-->max 

Page 243 Figure1.28.16 tac2(RD-DB) min-->max, tac2(AD-DB) min-->max 

Page 244, 255 Figure1.28.17 2 wait, Figure1.28.18 3 wait-->addition 

Page 246 Figure1.28.19 tac3(AD-DB)-->addition, tsu(DB-RD)-->tsu(DB-BCLK), th(BCLK-RD) Ons -->- 
3ns, td(AD-ALE)=(tcyc/2-20)ns--> ...-27)ns 

Page 247 Figure1.28.20 Addition 

Page 248, 249 Figure1.28.21, 1.28.22 -->addition 
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Page 250 Figure1.28.23 th(BCLK-DB)-->th(CAS-DB) 

Page 251 Figure 1.28.24 td(DB-CAS)-->tsu(DB-CAS), th(BCLK-CAS)-->th(BCLK-DB) 

Page 252 Figure1.28.25 td(CAS-RAS)-->tsu(CAS-RAS) 

Page 255 Table1.29.1 Power supply (under planning)-->delete, Program/erase voltage 
f(XIN)-->f(BCLK), 2.7V-5.5V-->delete 
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Keep safety first in your circuit designs! 


@ Mitsubishi Electric Corporation puts the maximum effort into making semiconductor 
products better and more reliable, but there is always the possibility that trouble may 
occur with them. Trouble with semiconductors may lead to personal injury, fire or 
property damage. Remember to give due consideration to safety when making your 
circuit designs, with appropriate measures such as (i) placement of substitutive, 
auxiliary circuits, (ii) use of non-flammable material or (iii) prevention against any 

malfunction or mishap. 


Notes regarding these materials 


These materials are intended as a reference to assist our customers in the selection 
of the Mitsubishi semiconductor product best suited to the customer's application; 
they do not convey any license under any intellectual property rights, or any other 
rights, belonging to Mitsubishi Electric Corporation or a third party. 

Mitsubishi Electric Corporation assumes no responsibility for any damage, or 
infringement of any third-party's rights, originating in the use of any product data, 
diagrams, charts, programs, algorithms, or circuit application examples contained in 
these materials. 

All information contained in these materials, including product data, diagrams, charts, 
programs and algorithms represents information on products at the time of publication 
of these materials, and are subject to change by Mitsubishi Electric Corporation 
without notice due to product improvements or other reasons. It is therefore 
recommended that customers contact Mitsubishi Electric Corporation or an authorized 
Mitsubishi Semiconductor product distributor for the latest product information before 
purchasing a product listed herein. 

The information described here may contain technical inaccuracies or typographical 
errors. Mitsubishi Electric Corporation assumes no responsibility for any damage, 
liability, or other loss rising from these inaccuracies or errors. 

Please also pay attention to information published by Mitsubishi Electric Corporation 
by various means, including the Mitsubishi Semiconductor home page (http:// 
www. mitsubishichips.com). 

When using any or all of the information contained in these materials, including 
product data, diagrams, charts, programs, and algorithms, please be sure to evaluate 
all information as a total system before making a final decision on the applicability of 
the information and products. Mitsubishi Electric Corporation assumes no 
responsibility for any damage, liability or other loss resulting from the information 
contained herein. 

Mitsubishi Electric Corporation semiconductors are not designed or manufactured 
for use in a device or system that is used under circumstances in which human life is 
potentially at stake. Please contact Mitsubishi Electric Corporation or an authorized 
Mitsubishi Semiconductor product distributor when considering the use of a product 
contained herein for any specific purposes, such as apparatus or systems for 
transportation, vehicular, medical, aerospace, nuclear, or undersea repeater use. 
The prior written approval of Mitsubishi Electric Corporation is necessary to reprint 
or reproduce in whole or in part these materials. 

If these products or technologies are subject to the Japanese export control 
restrictions, they must be exported under a license from the Japanese government 
and cannot be imported into a country other than the approved destination. 

Any diversion or reexport contrary to the export control laws and regulations of Japan 
and/or the country of destination is prohibited. 

Please contact Mitsubishi Electric Corporation or an authorized Mitsubishi Semicon 
ductor product distributor for further details on these materials or the products con 
tained therein. 
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